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ON  THE 


MORE  FREQUENT  GROWTH  OF  BARLEY 


ON 


HEAVY    LAND. 


Last  summer  I  received  a  pamphlet  '  Qn  the  Growth  of  Barlej 
in  France,'  by  Mr.  George  Gibson  Richardson.  He  commences 
bj  saying  that  the  high  average  price  to  which  barlej  appears 
permanently  to  have  attained,  interferes  very  seriously  with  the 
profits  of  the  brewing  trade,  and  renders  it  necessary  that  some 
attempt  should  be  made  to  increase  the  supply,  where  such 
Increase  could  be  available  for  the  English  market.  He  goes  on 
to  lay,  that  the  land  in  Great  Britain  suitable  for  the  growth  of 
tlie  finest  barley  is  limited,  that  it  is  already  so  applied  as  far  as 
pr&cticable,  and  that  on  such  land  the  farming  has  long  been  so 
good  that  an  increased  produce  per  acre  is  not  to  be  looked  for, 
nor  is  the  result  always  satisfactory  when  such  increase  is  ob- 
tained. But,  he  says,  there  is  a  country  within  sight  of  our  own 
Aores  possessing  every  requisite  for  the  growth  of  barley  suitable 
for  the  choicest  purposes  of  the  English  brewers ;  and  he  pro- 
<^s  to  explain  the  means  he  has  taken  to  stimulate  French 
tenners  to  increase  the  production  of  barley,  and  the  success 
'^hich  has  attended  the  supply  to  them  of  English-grown  seed. 

It  is  quite  probable  that  any  attempt  to  increase  the  yield  of 
wley  per  acre,  upon  the  best  barley  soils  in  this  country, 
^ould  be  attended  with  a  diminution  in  the  quality  of  the  grain. 
K  therefore,  an  effort  is  to  be  made  to  increase  the  national 
yield  of  the  crop,  it  must  either  be  done  by  growing  it  more 
frequently  upon  barley-soils,  or  by  extending  its  growth  upon 
•oJs  which  are  not  generally  considered  to  be  well  suited  to  it. 

1  have  for  some  time  held  the  opinion  that  we  have  not  taken 
lull  advantage  of  the  peculiar  adaptation  of  our  climate  to  the 
•^ccessful  growth  of  barley  ;  and  the  appearance  of  Mr.  Richard- 
ion's  pamphlet  has  induced  me  to  bring  this  subject  before  the 
Ambers  of  the  Farmers'  Club.  The  present  is,  moreover,  a 
^^  appropriate  time  for  its  discussion.  Thus,  after  a  'wWaX^ 
^p  not  more  than  fairljr  abundant,  the  decline  in  price  ol  X\ve 
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grain  has  been  very  great  On  the  other  hand,  barley  is,  weight 
for  weight,  dearer  than  wheat.  You  need  hardly  be  told  that 
the  climate  of  Great  Britain  is  not  so  favourable  for  the  produc- 
tion of  good  wheat  as  is  that  of  many  of  the  countries  which 
supply  us  with  that  grain.  The  current  prices  in  Mark 
Lane  show  that  foreign  wheats  command  higher  rates  than 
the  produce  of  our  own  soil.  The  contrary  is  the  case  with 
barley.  The  best  English  is  far  superior  to  any  foreign  barley. 
The  greater  success  of  the  British  farmer,  in  this  respect,  with 
barley  than  with  wheat,  cannot  be  attributed  to  a  greater  expen- 
diture of  skill  and  capital  in  the  production  of  the  former  crop, 
for  he  devotes  equal  skill,  and  more  money,  to  the  growth  of 
wheat  than  of  barley. 

It  may,  therefore,  be  assumed  that  the  climate  of  this  country 
is  very  favourable  for  the  production  of  good  barley  ;  and  we 
have  to  consider  this  evening  whether  we  have  taken  full 
advantage  of  this  natural  gift,  or  whether  the  extended  culti- 
vation of  the  crop  on  soils  too  heavy  to  be  classed  as  "  barley- 
soils,"  might  not  have  a  more  prominent  place  in  our  agriculture. 

To  argue  in  favour  of  growing  several  corn-crops  in  succession 
may,  at  first  sight,  appear  to  be  advocating  an  old  practice 
which  has  been  found  wanting,  and  which  has  been  abandoned 
in  favour  of  the  more  modem  system  of  rotation,  or  alternation 
of  grain  with  fodder  crops.  To  grow  corn-crops  in  succession, 
each  one  inferior  to  the  last,  until  the  produce  does  not  pay  the 
cost  of  labour  and  seed,  and  then  to  allow  the  land  to  rest  for 
several  years,  is  a  process  totally  different  from  that  which  I  am 
about  to  propose.  Artificial  manures  were  almost  imknown 
to  the  last  generation  of  farmers.  A  knowledge  of  their  effects, 
and  abundant  and  cheap  supplies  of  them,  are  essential  to  the 
system  I  have  to  advocate. 

In  bringing  the  subject  of  the  more  extended  growth  of  barley 
in  Great  Britain  before  you  this  evening,  I  shall  trouble  you 
with  figures  as  little  as  possible.  They  are  the  less  necessary 
as  a  full  report  of  our  experiments  with  this  crop  has  been  pub- 
lished quite  recently,  in  the  '  Journal  of  the  Royal  Agricultural 
Society  of  England.'  From  the  results  there  recorded,  and  from 
some  which  have  been  obtained  since,  I  shall  select  a  few  as  may 
be  needed  to  illustrate  and  support  my  views.  I  do  not  anticipate 
any  difficulty  in  proving  to  your  satisfaction  that,  upon  my  land, 
which  partakes  much  more  of  the  character  of  a  wheat  than  of  a 
barley  soil,  crops  of  barley,  good  both  in  quantity  and  in  quality, 
may  be  grown  for  many  years  in  succession.  I  must  leave  it  for 
you  to  decide  whether  your  own  soils  are  suitable  for  the  trial, 
and  to  what  extent  it  may  be  desirable  and  profitable  to  follow 
such  a  course  in  practice. 
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I  propose  to  show- 


First.  That  by  the  aid  of  artificial  manures  good  crops  of  barley 
may  be  grown  with  profit  upon  heavy  land,  and  much  more 
frequently  than  according  to  our  adopted  systems  of  rotation. 

Secondly.  That  on  such  land  it  is  more  advantageous  to  grow 
barley  after  another  corn-crop,  by  means  of  artificial  manures, 
than  after  roots  consumed  on  the  land. 

The  soil  upon  which  my  experiments  have  been  carried  on  is 
a  heavy  loam,  with  a  clay  subsoil,  resting  upon  chalk  at  a  depth 
of  from  8  to  12  feet  from  the  surface.  It  is  not  artificially 
drained.  Before  commencing  the  continuous  growth  of  barley, 
it  had  grown  the  following  crops : — 

1847.  Swedish  turnips,  with  dung  and  superphosphate ;  the 

roots  carted  off; 

1848.  Barley,  unmanured ; 

1849.  Clover; 

1850.  Wheat; 

1851.  Barley,  manured  with  sulphate  of  ammonia. 

The  first  experimental  barley-crop  was  in  1852  ;  and  the  land 
has  been  under  barley  ever  since.  Thus,  in  27  years,  there  have 
been  grown  1  crop  of  clover,  1  of  wheat,  and  25  of  barley ;  the 
last  23  of  which  have  been  under  careful  experiment.  Excepting 
on  one  plot,  no  dung,  or  animal  manure  of  any  kind,  has  been 
applied  to  the  land  during  the  whole  of  that  period.  In  the 
following  Table  is  given  the  average  number  of  bushels  of 
dressed  com  per  acre,  over  23  years,  1852-74,  inclusive,  by 
several  different  manures. 

Barley  yrownfor  23  Years  in  Succession  on  the  same  Land. 

Seasons  1852-1874.    Sothamsted,  Herts. 

Table  I. — ^Dbbssed  Cobn  peb  Aobe,  in  Bushels. 

Avexmge 
2S  Yean, 
185a-'74. 


1 
2 

3 

4 


Superphosphate,  alone 

Snperphoaphate,  andj^^^^^^"^"^'''^^^  ^°'  ^^^  ^^  "^^^ 

i200  lbs.  ammonia  salts  (or  275  lbs.  nitrate 
soda)*,  and  sulphates  potass,  soda,  and 
magnesia | 

14  tons  farmyard-mannre        


Bushels. 
241 

49 

48} 
48i 


*  400  lbs.  ammonia-Baits  6  years,  200  lbs.  10  years,  275  lbs.  nitrate  of  soda 
7yean. 
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200  lbs.  of  ammonia-salts,  or  275  lbs.  of  nitrate  of  soda,  each 
contain  nitrogen  equal  to  about  50  lbs.  of  ammonia.  Although 
there  are  certain  important  distinctions  between  the  actions  of 
these  two  manures,  we  may  assume  for  our  present  purpose 
that  in  the  quantities  named  they  are  of  equal  manurial  effect. 

The  average  produce  over  23  years,  by  superphosphate  of  lime 
alone,  is  only  24  j  bushels  per  acre  per  annum  ;  showing,  therefore, 
that  there  was  an  important  deficiency  of  something,  which  was 
supplied  in  the  case  of  each  of  the  other  experiments.  The  addi- 
tion of  ammonia-salts,  or  nitrate  of  soda,  to  the  superphosphate, 
raises  the  produce  to  49  bushels  per  acre  per  annum.  The  addi- 
tion to  this  mixture,  of  sulphates  of  potass,  soda,  and  magnesia, 
does  not  increase  the  produce  further,  giving  only  48 J  bushels ; 
whilst  14  tons  of  farmyard-manure  have  given  48|-  bushels. 
In  fact,  the  last  three  experiments  quoted  give  almost  identical 
amounts  of  produce,  and  an  average,  over  28  years  in  succession, 
of  more  than  6  quarters  of  dressed  barley  per  acre  per  annum. 

That  small  quantities  of  artificial  manure  should,  over  such  a 
long  period,  give  as  much  barley  as  14  tons  of  farmyard-manure 
applied  annually  is  certainly  a  most  striking  fact.  It  may  be 
useful,  and  will  serve  as  some  explanation  of  it,  to  point  out 
briefly  some  of  the  most  important  points,  both  of  distinction 
and  of  similarity,  between  the  mixture  of  superphosphate  of  lime 
and  ammonia-salts  or  nitrate  of  soda  on  the  one  hand,  and  farm- 
yard manure  on  the  other. 

In  round  numbers,  there  have  been  removed  annually,  in  com 
and  in  straw,  about  2^  tons  of  produce  per  acre.  Deducting 
from  this  the  moisture  it  contains,  there  remain  about  46j^  cwts., 
or  rather  more  than  2;^  tons  of  dry  or  solid  substance  removed 
annually,  and  deducting  from  this  again  the  mineral  matter  and 
nitrogen  it  contains,  there  remain  about  44  cwts.  of  non-nitro- 
genous vegetable  or  combustible  substance.  In  the  dung  very 
much  more  than  this  amount  of  vegetable  matter  has  been  returned 
to  the  land  every  year,  but  in  the  artificial  manures  none.  Here 
then  we  have  two  parallel  experiments,  extending  over  a  period 
of  23  years,  in  one  of  which  much  more  non-nitrogenous  or 
carbonaceous  organic  matter  than  was  contained  in  the  crop 
has  been  annually  returned  to  the  land  in  the  manure,  and  in 
the  other  none,  and  yet  the  prckluce  is  equal  in  the  two  cases. 

Now,  I  would  ask  whether  you  think  it  possible  that  such 
a  soil  as  mine  could  stand  such  a  drain  as  this  for  23  years,  or 
for  27  if  we  go  back  to  the  last  application  of  dung,  without 
showing  a  marked  decline  in  the  produce,  if  the  plant  depended 
upon  the  soil  for  its  supplies  of  non-nitrogenous  vegetable 
matter^  or  if  that  contained  in  the  dung  was  at  all  essential  to 
the  result.     The  conclusion  is,  1  think,  obvious,  ih^t  under  the 
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inflnence  of  the  superphosphate  of  lime  and  ammonia-salts  or 
nitrate  of  soda,  the  growing  barley  was  able  tp  obtain  its  non- 
nitrogenous  organic  matter,  amounting  to  between  90  and  95 
per  cent,  of  its  total  dry  or  solid  substance,  from  the  atmosphere, 
and  not  from  the  soil. 

Yon  will  not  fail  to  see  the  great  importance  of  recognising 
this  fact  when  you  are  told  that  you  may  depend  upon  artifici^ 
manures  to  grow  more  frequent  corn-crops.     Artificial  manures 
contain  but  little,  and  the  best  of  them  no  carbonaceous  organic 
matter.     If,  therefore,  they  were  active  only  so  long  as  the  plant 
could  obtain  sufficient  organic  matter  from  the  soil,  each  succeed- 
ing corn-crop  would  cause  a  reduction  of  the  condition  of  the 
soil,  which  could  only  be  restored  by  the  dung-cart.     If,  on  the 
other  hand,  the  organic  matter  is  supplied  by  the  atmosphere, 
the  repetition  of  corn-crops  by  means  of  proper  artificial  manures 
may  increase  rather  than  diminish  the  condition  of  the  land. 

If  we  deduct  from  the  14  tons  of  dung,  its  water,  its  carbo- 
naceous organic  matter,  and  the  extraneous  mineral  matter  (soil, 
sand,  &c.)  which  it  always  contains,  there  remains  scarcely 
half  a  ton  of  mineral  and  nitrogenous  matter.  A  good  deal  of 
this  mineral  matter  is  of  comparatively  little  value.  Of  nitro- 
gen there  is  from  three  to  four  times  as  much  as  in  the  200  lbs. 
unmonia-salts,  or  in  the  275  lbs.  of  nitrate  of  soda.  But  as 
the  artificial  manure  and  the  dung  have  given  equal  crops,  it  is 
obvious  that  a  given  amount  of  nitrogen  applied  m  the  artificial 
manure  is  much  more  effective  than  the  same  amount  supplied 
in  dung. 

There  is  an  essential  mineral  constituent  of  a  barley-crop 
which  is  supplied  in  dung,  but  not  in  the  mixture  of  super- 
phosphate of  lime  and  ammonia-salts  or  nitrate  of  soda :  this 
is  potass.  The  crops  grown  by  this  artificial  manure  must, 
therefore,  have  obtained  it  from  the  soil  itself.  Of  potass,  the 
average  crop  of  com  and  straw  has  removed  from  30  to  35  lbs. 
annually.  It  is  obvious  that,  up  to  the  present  time,  my  soil 
has  been  capable  of  yielding  the  quantity  required. 

The  dung  has  supplied  about  1^  cwt.  of  potass  annually,  or 
about  34^  cwts.  in  the  23  years ;  and  in  the  experiment  No  3 
the  sulphate  of  potass  has  supplied  an  average  of  about  1  cwt. 
annually,  or  about  23  cwts.  in  the  23  years ;  yet  neither  the 
dung  nor  the  artificial  manure  containing  potass  has  given  more 
barley  than  experiment  No.  2  without  potass.  What  may  be 
the  resources  of  other  soils  in  potass  it  is  not  for  me  to  say.  It 
is,  however,  not  at  all  likely  that  any  farmer  will  g^ow  com, 
and  remove  both  the  straw  and  the  grain,  for  so  many  years  in 
succession  from  the  same  field  as  in  my  experiments^  without 
bringing  the  iung-csurt  into  it ;  and  I  may  remark  t\ial  \i  \\^fc 
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straw  had  been  returned  to  the  land,  I  might  have  taken  more 
than  50  crops  of  barley  in  succession,  without  taking  from  the 
soil  as  much  potass  as  I  have  done  up  to  the  present  time. 

The  same  kind  of  argument  is  applicable,  but  in  a  higher 
degree,  in  the  case  of  silica.  The  straw  of  a  barley-crop 
contains  about  five  times  as  much  silica  as  the  grain  ;  so  that  if 
the  straw  were  periodically  returned  to  the  land  in  the  form  of 
dung,  the  exhaustion  of  that  substance  would  be  more  gradual 
than  that  of  potass.     So  also  with  other  constituents. 

From  the  facts  I  have  brought  before  you,  it  may  I  think  be 
concluded,  that  upon  heavy  soils,  with  a  subsoil  of  clay,  full 
crops  of  barley  may  be  grown  by  the  use  of  an  artificial  manure 
containing  superphosphate  of  lime,  and  nitrogen  either  in  the 
form  of  nitrate  of  soda,  ammonia^salts,  or  Peruvian  guano. 

The  next  point  is  to  show  that  barley  may  be  grown  not  only 
in  full  quantity,  but  of  good  quality,  by  artificial  manures  used 
for  many  years  in  succession  on  the  same  land.  The  following 
Table  (II.)  shows  the  average  weight  per  bushel  of  the  barley 
grown  by  superphosphate  of  lime,  and  salts  of  ammonia  or 
nitrate  of  soda,  over  the  first  8  years,  the  second  8,  the  last  7, 
and  the  total  period  of  23  years. 

« 

Barley  grown  for  23  Years  in  Stu^cessian  on  the  same  Land. 

Seasons  1852-74.    Bothamsted,  Herts. 

Table  n. — ^Weioht  pbb  Bushel  of  Dressed  Corn. 


No. 

MANURES,  PER  ACRE,  PER  ANNUH. 

First 
8  Tean, 
185a-'69. 

Second 
8  Tears, 
1860-'67. 

Last 
f  Tears, 
1888-'74. 

Total 
23  Tears, 
1852-'74. 

2 

a««w».»k^  -«-i/200  lbs.  ammoTiiaHMJtg     \ 

lbs. 
51 

Ibo. 
54J 

lbs. 

lbs. 

«3J 

It  is  seen  that  the  average  weight  per  bushel  of  the  barley  was 
higher  during  the  second  than  during  the  first  8  years,  and 
higher  still  during  the  last  7  years  of  the  23.  It  is  probable  that 
the  increase  is  in  great  part  due  to  more  favourable  ripening 
seasons  during  the  later  years ;  but  whatever  may  be  the  cause, 
it  is  clearly  shown  that  when  barley  is  grown  by  proper  artificial 
manures,  even  for  many  years  in  succession  on  the  same  land,  it 
does  not  deteriorate  in  quality. 

Samples  of  the  barley  grown  last  year  by  a  great  variety  of 

*  4001be.  mrnnonfsHwdfci  6  yean^  200  lbs.  10  yens,  275  lbs.  nitnte  of  soda 


Or  the  more  Frequent  Growth  of  Barley  on  Heavy  Land.      9 


artificial  manures  were  exhibited,  and  in  Table  No.  III.  the 
produce  per  acre,  and  the  weight  per  bushel,  in  each  case,  is 
giren. 

Taslb  HL — ^Pbodttos,  and  Wbioht  pkb  Bushel,  of  Bablkt  qbown  in 

1874.      BOTHAMSTED,  HeBTS. 


ir«i. 


M AKUBES.  PER  ACRE,  PER  ANNUM. 


Drenrd 

Corn 
per  Acre. 


Weight 

per 
BiubeL 


Barley  grown  continuously;  23rd  year,  1874. 


I 
2 

3 
4 


Superphosphate, 
Superphosphate, 
Superphosphate, 
Superpho^hate, 


alone 

and  200  lbs.  ammonia  aalts 

and  275  lbs.  nitrate  soda 

and  1000  lbs.  rape-cake     

1200  lbs.  ammonia-salts,  and  sul- 
phates potass,  soda,  and  mag 
neeia        

275  lbs.  nitrate  soda,  and  sul- 
and{     pbates  potass,  soda,  and  mag- 
nesia         

1000  lbs.    rape-cake,  and   sul- 
and^     pbates  potstiss,  soda,  and  mag- 
nesia         


Superphosphate, 
Superphosphate, 


Bushels. 
211 
42} 
531 
481 


49J 


51i 
49J 


IbH. 

65 
51} 
54 
57J 

57J 


57 


57 


Barley,  unmannred,  after  Barley,  and  after  GIoTer. 


9 
9 


Barley  after  barley 
Barley  after  clover 


S2| 

58i 


57J 
56f 


I  took  the  liberty  of  forwarding  some  of  the  samples  to  Messrs. 
Bass  for  their  opinion  upon  them.  In  answer,  they  said  that 
all  were  suitable  for  malting.  No.  1,  grown  by  superphosphate  of 
lime  alone,  they  considered  the  best  ripened,  and  the  most  kindly 
in  appearance  ;  and,  after  that.  No.  4,  grown  by  superphosphate 
and  rape-cake,  which,  it  will  be  seen,  gave  more  than  6  quarters 
of  barley,  with  a  weight  per  bushel  of  57^  lbs.  Messrs.  Bass 
go  on  to  say  that  **  the  barley  of  this  country  possesses  so 
decided  an  advantage  in  size  over  the  barley  of  other  countries, 
that  we  have  been  long  surprised  more  attention  has  not  been 
paid  to  this  cereal.  We  cannot  but  think  the  time  will  come, 
and  that  shortly,  when  agriculturists  in  this  country  will  see  the 
advantage  in  placing  a  greater  proportion  of  land  under  barley.'* 

We  now  come  to  the  important  question  of  cost.  I  l\io\x^t 
it  dennble  to  obtain  estimates  from  other,  and  inAeTOXvdiCtvX., 
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sources,  of  the  cost  of  some  of  the  ordinary  tillage  operations. 
I  am  indebted  to  a  number  of  practical  farmers,  residing  in 
various  counties,  for  answers  to  the  following  question — What 
is  the  cost  of  cultivating  an  acre  of  barley,  of  6  quarters  per 
acre,  the  barley  following  a  previous  corn-crop  ;  the  estimate  to 
include  every  mechanical  operation  except  hoeing,  and  to  ex- 
clude rent,  rates,  seed,  and  manures? 

The  difference  in  the  estimates  was  rather  wide,  varying  from 
45«.  to  65^.  I  propose  to  adopt  the  highest,  as  I  should  prefer 
that,  in  the  matter  of  cost,  my  estimate  should  be  above  rather 
than  below  that  of  others : — 

Coitper  Acre. 

£   8.    d,      £   i,    d. 

Bent  and  rates 1  12    0 

21  bushels  seed,  at  40s. 0  12    6 

2i  cwts.  nitrate  of  soda,  at  16s.      ..      1  16    0 

31  cwts.  superphosphate,  at  6s 110 

Hoeing  twice 0    7    0 

Ploughing,  harrowing,  drilling,  harvesting,  thrash-)  oca 
ing,  and  taking  to  market ) 

Total        8  13    6 

Produce  per  Acre. 

6  quarters  of  barley,  at  44s. 13    4    0 

3  bushels  of  offal  com,  at  4s. 0  12    0 

li  ton  straw,  at  20s.       1  10    0 

Total         16    6    0 

Cost 8  13    6 


6  12    6 


It  would  be  quite  possible,  by  adding  to  the  expenses  on  one 
side,  and  reducing  the  ftelling  prices  on  the  other,  to  bring  out 
a  very  different  balance.  For  instance,  I  have  valued  the  straw 
at  20s.  per  ton ;  which  would  not  be  too  much  if  sold  off  the 
land ;  but  it  will  most  frequently  be  used  on  the  farm,  in  which 
case  the  consuming,  or  manure  value  only,  could  be  adopted. 
Still,  under  the  most  unfavourable  arrangement  of  the  figures, 
there  would  appear  to  be  a  good  profit  on  the  operation*  It  is 
for  others  to  consider  how  much  it  would  probably  be  under 
their  own  particular  circumstances. 

I  will  now  describe  briefly  some  results  obtained  in  another 
field.      It  has  not  faleen  under  careful  experiment,  and  I  am 
unable,  therefore,  to  give  the  amounts  of  produce  previous  to  the 
/ast  two  years.     It  bag^  however,  been  cropped  as  follows : — 
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1864.  Red  clover. 

1865.  Wheat,  with  artificial  manures. 

1866.  Mangolds,  with  dung  and  artificial  manures ;  crop  re- 

moved from  the  land. 

1867.  Wheat,  unmanured. 

1868.  Oats,  with  artificial  manures. 

1869.  1870,  1871,  and  1872.  Barley,  with  artificial  manures. 

Thus,  prior  to  1873,  it  had  grown  6  corn-crops  in  succession, 
the  last  five  with  artificial  manures.  In  1873  it  was  unmanured, 
one-half  being  in  barley  and  the  other  half  under  clover,  sown 
with  the  barley  in  the  previous  year.  The  object  in  sowing  red 
clover  was  to  ascertain  whether,*'after  a  succession  of  corn-crops 
grown  by  artificial  manures,  there  remained  any  residue  suit- 
able for  the  growth  of  red  clover.  In  1874  the  whole  field, 
both  bai'ley  agid  clover  ground,  was  again  sown  with  barley,  and 
the  produce  was  in  the  two  years  as  follows : — 


Table  IY. — ^Baslxt  after  Bablxt,  and  after  Clovxb,  all  Unmanured. 


Prodnoe  per  Acre. 


1873 
1874 

1873 
1874 


Barley        

Barley  after  barley 

Cloreivhay • 

Barley  after  doYer 

Barley  after  clover  more  than  after  barley    ••     .. 


31   bnsbelB. 
S2|  bushels. 

54   owts. 
58   bushels. 

25}  bushels. 


Thus,  after  6  corn-crops  since  the  application  of  dung,  and 
the  last  5  grown  by  artificial  manures,  in  1873  the  produce  of 
barley  without  manure  was  31  bushels,  and  that  of  clover  54 
cwts.  of  hay.  In  the  next  year,  1874,  again  without  manure, 
the  produce  of  barley  was,  after  barley  32f  bushels,  and  after 
clover  58  bushels ;  or  25^  bushels  more  after  the  clover  than 
after  the  barley. 

An  outgoing  tenant  who  had  taken  a  wheat  crop,  an  oat  crop, 
and  4  barley  crops  in  succession,  with  artificial  manures  alone, 
would  stand  a  poor  chance  of  establishing  a  claim  for  unex- 
hausted manures.  Yet,  without  any  fiirther  application  of 
manure,  the  land  so  treated  has  yielded  2f  tons  of  clover-hay, 
and  7^  quarters  of  barley.  These  facts  show  that  the  current 
opinion  as  to  the  exhaustion  of  the  soil  by  corn-cropping  re- 
quires some  modiBcadoDf  at  any  rate  in  the  case  oi  \ieai\^  \axi^ 


12      On  the  more  Frequent  Growth  of  Barley  on  Heavy  Land. 

on  which  full  crops  have  been  g^own  by  means  of  suitable 
artificial  manures. 

It  cannot  for  a  moment  be  supposed  that  any  one  cultivating 
a  large  farm  could  devote  more  than  a  certain  limited  propor- 
tion of  the  whole  to  the  growth  of  barley.  Even  with  the  aid 
of  steam-cultivation  wet  springs  would  occasionally  reduce  the 
area  pre-arranged  for  the  crop.  Assuming,  however,  it  to  be 
concluded,  that  it  would  be  profitable  to  extend  the  area  under 
barley  on  heavy  land,  I  would  venture  to  suggest  the  following 
as  a  rotation  worth  trying. 

I  would  divide  the  land  into  twelfths,  as  follows : — 

One-twelfth  mangolds ; 
One-twelfth  beans ; 
One-twelfth  red  clover ; 
Two-twelfths  wheat ; 
Seven-twelfths  barley. 


Or,  assuming  a  farm  of  600  acres,  there  would  be — 

50  acres  mangolds ; 

50  acres  beans ; 

50  acres  red  clover ; 
100  acres  wheat ; 
350  acres  barley. 

It  would  certainly  require  great  attention  to  the  cleaning  of 
the  land,  if  so  larg^  a  proportion  as  three-quarters  of  the  farm 
were  in  com.  If  this  difficulty  can  be  got  over,  I  see  no  reason 
why  such  a  course  of  cropping  should  not  be  more  profitable 
than  that  fixed  by  the  ordinary  rotation. 

That  some  attempts  have  been  made  to  wander  from  the 
orthodox  rotation  of  crops  is  evident  from  the  fact  that  I  occa- 
sionally receive  visits  from  farmers  who  come  to  see  whether 
the  experimental  corn-corps  at  Rothamsted  still  continue  to 
flourish ;:  and  I  find  from  them,  on  inquiry,  that  too  much, 
rather  than  too  little,  success  has  been  the  occasion  of  their 
journey.  Their  friends  and  neighbours  tell  them  it  may  be  all 
plain  sailing  just  now,  but  retribution  is  surely  not  far  off. 
They  dangle  the  spectre  of  exhaustion  before  their  eyes,  and 
terrify  them  with  the  prospect  of  the  evil  consequences  which 
most,  sooner  or  later,  overtake  them.  I  have  reason  to  think, 
however,  that  an  inspection  of  my  fields  tends  to  reassure  them  ; 
and  that  they  return  home  at  any  rate  with  the  consolation  that, 
if  barrenness  is  to  follow  the  more  freouent  growth  of  com,  it 
will  certainly  make  its  appearance  in  the  fields  of  Rothamsted 
before  it  does  in  their  own. 

Not  long  ago,  there  was  some  discussion  in  this  room  as  to  the 
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length  of  time  saccessive  corn-crops  might  be  grown,  and  your 
President  observed  that,  with  deep  cultivation,  and  the  use  of 
artificial  manures,  corn  might  be  grown  for  25  years.  In  the  ex- 
perimental wheat-field  at  Rothamsted  the  37th  crop  since  the 
application  of  farmyard-manure,  and  the  36th  corn-crop,  is  now 
gowing  ;  and  in  the  experimental  barley-field  28  crops  have  been 
taken  since  the  application  of  farmyard-manure,  of  which  26 
have  been  corn-crops,  and  25  of  them  in  succession.  In  both 
fields  the  cultivation  of  the  land  has  been  very  superficial,  being 
conducted  according  to  the  ordinary  practice  of  the  district  40 
or  50  years  ago.  Doubtless  subsoiling,  or  deeper  cultivation, 
would  in  some  cases  largely  increase  our  produce,  and  in  others 
lessen  the  amount  of  manure  required  to  obtain  it.  But  to  adopt 
either  would  sacrifice  that  which,  up  to  the  present  time,  has 
given  the  Rothamsted  experiments  a  position  which  no  other 
field-experiments  can  lay  claim  to,  namely,  that  they  are  carried 
on  year  after  year  without  change,  either  in  the  mechanical  cul- 
tivation of  the  land,  in  the  description  of  crop  grown,  or  in  the 
manures  applied. 

If  some  important  constituent  is  wanting,  the  crop  must  neces- 
sarily decline.  The  barley  grown  by  superphosphate  alone  has 
shown  a  very  marked  decline  in  produce  during  the  second  half, 
compared  with  the  first  half  of  the  period.  In  other  cases,  where 
the  proper  manures  have  been  applied,  the  average  produce  over 
the  second  half  of  the  period  is  equal  to  that  of  the  first  half. 
From  this  it  may  be  concluded,  that  any  decline  in  produce  will 
take  place  at  any  rate  only  very  gradually,  and  that  the  time 
when  the  land  will  no  logger  g^ow  good  crops  of  barley  must  be 
very  remote.  After  20  years,  the  plot  which  had  received  14  tons 
of  farmyard-manure  annually  during  that  period  was  divided, 
and  the  application  was  then  stopped  on  the  one-half,  but  con- 
tinued on  the  other.  During  the  subsequent  three  years,  although 
the  produce  on  both  portions  has  been  large,  it  has  been  con- 
siderably less  where  the  application  was  stopped  than  where  it 
was  continued.  Still,  it  may  be  expected  that  20,  or  30,  or  more 
years  will  elapse,  before  the  residue  from  the  previous  applica- 
tions of  dung  is  exhausted. 

The  subject  of  how  long  corn-crops  may  be  grown  is  obviously 
one  of  great  scientific  interest ;  but  the  amounts  of  produce 
shown  in  the  Tables,  and  the  quality  of  the  samples  exhibited, 
are  sufficient  to  show  that,  on  heavy  land,  and  with  proper  arti- 
ficial manures,  crops  of  barley  which  meet  all  the  requirements 
of  practice,  both  as  to  quantity,  and  quality,  may  be  grown  for 
many  years  in  succession. 

It  will  be  useful  to  state  the  course  of  operations  which  may 
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be  advantageously  followed  by  those  who  decide  to  grow  barley 
more  frequently  after  a  previous  corn-crop. 


Cultivation. 

The  land  should  be  ploughed  up  as  early  as  practicable  in  the 
autumn,  and  should  not  be  touched  again  until  it  is  dry  enough 
to  sow  in  the  spring. 

Time  of  Sowing^  and  Quantity  of  Seed  per  Acre. 

The  sowing  should  be  in  the  last  week  in  February,  or  as  soon 
as  possible  afterwards.  A  good  tilth  is  essential ;  it  is  vain  to 
expect  to  grow  a  good  crop  of  barley  without  it,  especially  when 
artificial  manures  are  used.  The  quantity  of  seed  per  acre  may 
be  2^  bushels  if  sown  early,  increasing  to  3  bushels  as  the  season 
advances. 

Manures. 

Nitrogen  is  an  essential  constituent  in  an  artificial  manure  for 
barley.  It  can  be  purchased  in  nitrate  of  soda,  sulphate  of  am- 
monia, or  Peruvian  guano.  Feeling  unable  to  recommend  guano 
without  some  assurance  as  to  its  composition,  I  wrote  to  Messrs. 
Schroder  and  Co.,  the  agents  for  the  sale  of  Peruvian  guano  in 
this  country,  stating  my  difficulty,  and  in  reply  they  write  as 
follows : — 

*^.  .  .  .  The  importations  of  guano  from  the  Guanape  and 
Macabi  Islands,  during  the  time  the  agency  has  been  in  our 
hands,  have  averaged  nearer  13  than  12  per  cent,  of  ammonia. 
The  quality  from  both  islands  has  moreover  been  so  even  and 
uniform,  that  cargoes  analysing  anything  below  12  per  cent, 
of  ammonia  have  been  quite  the  exception." 

It  is  very  satisfactory  to  find  that  the  present  supply  of  Peru- 
vian guano  is  so  good  and  uniform  in  quality.  If  Messrs. 
Schroder  and  Co.  would  comply  with  a  suggestion  I  have  made, 
and  state  in  their  advertisements  that  they  would  not  send  out 
raw  guano  containing  less  than  12  per  cent,  of  ammonia,  nothing 
farther  could  be  desired. 

In  my  experimental  field,  nitrogen  equal  to  50  lbs.  of  ammonia 
is  required  to  grow  6  quarters  of  barley  over  an  average  of  seasons. 
About  this  amount  of  nitrogen  (rather  less)  would  be  supplied  in 
the  quantities  of  nitrate  of  soda,  or  of  sulphate  of  ammonia,  or  of 
Peruvian  guano  containing  12  per  cent  of  ammonia,  given  in 
the  first  column  below,  and  slightly  more  in  the  mixtures  of  them 
given  in  other  columns : — 
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Kitiate  of  soda     .. 
8alphate  of  ammonia 
PeniTian  guano    . . 


Ifnwd 
Separately. 


If  naed  in  Gombiiiatiaii. 


When  nitrate  of  soda  or  sulphate  of  ammonia  is  used,  without 
gaano,  about  3  cwts.  of  superphosphate,  per  acre,  should  also  be 
employed. 

When  Peruvian  guano  is  used  alone,  no  superphosphate  need 
be  applied.  When  If  cwt.  of  nitrate  and  1  cwt.  of  Peruvian 
gnano,  or  1^  cwt.  of  each,  is  used,  1  cwt.  of  superphosphate,  in 
addition,  will  be  sufficient 

As  in  all  cases  of  ordinary  farming  the  straw  will  go  back  to 
the  land  periodically  in  the  form  of  dung,  it  is  probable  that, 
under  such  circumstances,  smaller  quantities  of  artificial  manure 
may  be  required  to  yield  the  same  amount  of  crop,  than  were 
foond  necessary  in  my  experimental  field.  On  a  farm  of  600 
acres,  under  the  twelve-course  rotation  which  I  have  suggested, 
there  would  probably  be  about  2000  tons  of  dung  made  annually. 
This  would  allow  20  tons,  per  acre,  for  the  50  acres  of  mangold, 
10  tons,  per  acre,  for  the  50  acres  of  beans,  and  10  tons,  per  acre, 
for  the  50  acres  of  red  clover.  The  wheat  following  the  beans 
or  the  clover  would  require  no  artificial  manure.  The  grain-crop 
following  the  mangolds  might  require  a  small  dressing  of  nitrate 
of  soda  in  the  spring,  say  1  cwt.  per  acre.  For  the  barley  suc- 
ceeding this,  or  succeeding  the  wheat  after  clover  or  beans,  1^  cwt. 
of  oitrate  of  soda,  with  2  cwts.  of  superphosphate,  or  2^  cwts. 
guano  without  superphosphate,  might  be  sufficient.  For  the  next 
crop  of  barley  (the  third  corn-crop)  the  quantities  given  in  the 
foregoing  Table  might  probably  be  required.  A  knowledge  of 
the  soil  and  climate,  and  practical  experience*  in  the  use  of  the 
manures,  are,  however,  essential  to  determine  the  exact  quantities 
of  manure  required  to  produce  full  crops.  But  the  cultivator  must 
bear  in  mind,  that  a  deficiency  of  produce  is  more  likely  to  be 
due  to  a  deficiency  of  nitrogen  than  of  any  other  substance. 

'  Mode  of  Application  of  the  Manures. 

In  my  experimental  fields  the  artificial  manures  are  sown 
broadcast  by  hand,  and  ploughed  or  harrowed  in  before  the  seed 
is  sown ;  and  to  ensure  the  necessary  regularity  of  distribution, 
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the  quantity  is  divided,  and  the  ground  sown  two  or  three  times 
over.  In  the  fields  under  ordinary  farm-cultivation,  the  manures 
are  mixed  together  and  sown  immediately  behind  the  drill,  once 
over  only ;  and  the  seed  and  manures  are  harrowed  in  together. 
A  machine-distributor  which  will  sow  small  quantities  of  arti- 
ficial manure  with  perfect  regularity  is  much  wanted,  and  has 
not  yet  been  produced. 

fVeeds, 

I  will  assume  that  a  farmer  intending  to  grow  several  corn- 
crops  in  succession  starts  with  his  land  clean ;  aud  being  so,  it 
is  by  no  means  difficult  or  costly  to  keep  it  clean.  Each  descrip- 
tion of  soil  has  its  own  prevailing  weeds,  and  they  should  be 
watched  very  closely.  Charlock  is  the  great  weed  of  this  district, 
and  the  corn-fields  are  yellow  with  it  when  it  comes  into  blossom. 
It  is,  however,  not  difficult  to  keep  it  under.  Wild  oats  are  the 
most  troublesome  of  our  weeds,  and  their  appearance  in  the  crop 
should  be  most  carefully  watched.  If  they  are  only  seen  here 
and  there,  the  farmer  may  think  it  scarcely  worth  while  to  have 
them  taken  out ;  but  the  next  year  they  will  probably  be  found 
to  have  increased  a  hundredfold,  and  then  pulling  them  out  is 
almost  impossible.  They  shed  their  seed  before  the  barley  is 
ripe,  and  will  not  grow  by  any  autumn  cultivation ;  so  that  if 
once  they  have  gained  the  ascendency,  nothing  remains  but  to 
cease  growing  com,  and  to  clean  the  land. 

Freedom  of  Cropping, 

If  every  farmer  were  bound  down  by  a  stringent  law  not  to 
grow  two  corn-crops  in  succession,  axid  the  law  were  unalterable, 
we  should  be  discussing  a  subject  this  evening  which  could  have 
no  practical  bearing.  There  is,  I  think,  an  impression  gaining 
ground  among  landlords,  land-agents,  and  tenants  alike,  that  a 
greater  latitude  in  cropping  might  be  mutually  beneficial.  Land- 
lords are,  however,  timid:  they  say,  we  have  done  very  well 
under  the  old  customs,  why  should  they  be  changed?  Land- 
agents  are  also  timid,  as  well  as  wise  in  their  generation :  they 
say,  if  greater  latitude  be  granted  to  the  tenant,  and  any  difficulty 
should  afterwards  arise  about  the  letting  of  the  land,  we  shall  be 
told  by  the  landlord  that  this  is  what  comes  of  your  absurd 
innovations. 

When  I  addressed  you  nearly  five  years  ago  in  this  room,  on 

the  subject  of  Unexhatuted  ImprovemenUj  I  pleaded  on  behalf 

of  the  tenant-farmer  for  greater  freedom  of  cropping.     I  said  I 

thought  a  tenant  holding  a  lease  should  be  left  unrestricted  in 

Jus  cropping,  provided  he  gave  up  the  land  at  the  end  of  his 
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tcnn  with  a  due  proportion  of  com  and  fallow  crops-  I  am 
disposed  to  think,  however,  that  little  or  no  injury  would  be 
done  to  the  letting-value  of  the  land,  if  a  considerably  larger  pro- 
portion of  it  were  given  up  under  com,  provided  it  were  not  a 
light-land  or  a  stock-farm,  provided  neither  roots  nor  straw  were 
sold,  and  provided  the  corn-land  were  given  up  sufficiently 
clean  to  grow  another  corn-crop. 

Having  said  so  much  on  behalf  of  the  tenant,  I  will  say  this 
on  behalf  of  the  landlord.  If  he  relax  covenants  in  regard  to 
cropping,  he  should  make  them  much  more  stringent  in  regard 
to  weeds.  If  the  land  under  corn  be  not  kept  clean,  the  landlord 
should  have  power  to  clean  it  at  the  expense  of  the  tenant  while 
the  crop  is  growing,  or  to  recover  damages  in  some  way  which 
will  secure  the  object  in  view,  namely  :  that  the  corn-land  shall 
be  given  up  in  a  condition  as  to  cleanliness,  such  that  the 
incoming  tenant  may  with  advantage  take  another  corn-crop 
from  it. 

If  barley  is  to  be  grown  more  frequently,  it  is  obvious  that 
some  other  crop  must  either  be  excluded  from  the  rotation  or 
only  be  grown  at  longer  intervals.  Now,  the  root-crop  appears 
to  me  to  be  somewhat  out  of  place  on  heavy  land.  When  such 
land  is  not  clean  enough  to  grow  corn,  a  root-crop,  or  a  summer 
fallow,  may  be  advantageous.  But  if  the  land  be  clean,  I  sub- 
mit to  your  consideration  whether  it  would  not  be  more  profit- 
able to  grow  barley  by  the  direct  application  of  artificial 
manures,  than  by  the  indirect  process  of  manuring  for  the  growth 
of  a  root-crop  ? 

It  would  occupy  toa  much  time  and  space  to  discuss  fully  the 
exact  position  which  a  root-crop  holds  in  a  rotation  ;  involving 
as  it  does  the  question  of  the  production  of  meat  and  manure, 
by  the  consumption  of  the  roots  and  other  food.  I  will  confine 
myself  to  directing  attention  to  the  results  of  some  experiments 
which  have  led  me  to  place  a  lower  value  upon  roots  as  a 
heavy-land  crop,  than  modem  practice  has  assigned  to  them. 

In  a  field  devoted  to  the  continuous  growth  of  turnips,  it  was 
decided,  after  10  crops  of  roots  had  been  removed,  to  grow 
barley  for  the  purpose  of  ascertaining  whether,  by  the  growth  of 
the  turnip,  any  residue  had  been  accumulated  within  the  soil 
which  was  suitable  for  the  growth  of  barley.  For  instance,  as 
silica  is  taken  up  in  very  small  quantity  by  the  turnip,  but  very 
largely  by  barley,  it  was  possible  that  during  the  10  years  of  the 
growth  of  the  turnips  it  might  have  accumulated  within  the  soil 
in  a  very  favourable  condition  for  being  taken  up  by  the  barley, 
in  combination  with  ammonia,  for  example. 

Three  unmanured  barley-crops  were  taken  in  snccemon  ^\«t  . 
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the  turnips.  The  average  produce  of  the  barley  after  10  crops 
of  turnips,  manured  during  the  last  8  years  by  a  liberal  mixed 
mineral  manure,  was  20  bushels  per  acre ;  and  where  the  turnips 
had  received  the  same  mineral  manure,  with  some  ammonia^salts 
also,  the  average  produce  was  22  bushels  per  acre.  Over  the 
same  3  years,  the  average  produce  of  barley  without  manure, 
in  the  field  where  barley  was  growing  continuously,  was,  after 
3  preceding  corn-crops,  31^  bushels,  or  11^  bushels  more  than 
after  the  10  crops  of  turnips.  The  amount  of  produce  of  the 
unmanured  barley  after  the  mineral-manured  turnips  did  not 
vary  more  than  1  bushel  per  acre  in  the  3  years.  The  second  of 
the  3  crops  was  grown  in  the  very  productive  year  of  1854,  but 
amounted  to  only  19^  bushels ;  whereas,  in  the  same  season,  the 
produce  without  manure  in  the  field  where  barley  was  growing 
continuously  was  35  bushels,  though  following  4  preceding 
corn-crops.  In  the  same  field,  the  superphosphate  of  lime  alone 
gave  40^  bushels ;  and  several  of  the  artifical  mixtures  con- 
taining nitrogen  gave  nearly  8  quarters  per  acre. 

The  conclusion  to  be  drawn  from  these  curious  results  is  that, 
independently  of  the  excess  of  manure  applied  for  the  growth 
of  the  turnip,  it  leaves  no  residue  suitable  for  the  growth  of 
barley ;  but,  on  the  contrary,  it  exhausts  the  soil  of  what  is 
required  for  the  barley  far  more  than  does  the  growth  of  barley 
itself.  Compare  this  with  the  produce  of  barley  after  clover, 
already  referred  to,  and  shown  in  Table  IV.,  and  it  will  be 
seen  how  very  different  is  the  position  which  clover  and  roots 
bold  in  a  rotation. 

It  may  be  said  that  in  ordinary  practice  the  turnips  are 
consumed  on  the  farm,  or  even  in  the  field  which  grew  them, 
and  hence  much  of  what  they  take  out  of  the  land  is  restored  to 
it.  This  is  perfectly  true.  But  I  would  ask  whether,  if  the 
turnip  leaves  no  residue  suitable  for  the  barley  excepting  the 
excess  applied  for  the  roots,  and  merely  converts  a  portion  of 
the  food  which  would  grow  barley  into  turnip,  to  be  consumed 
by  animals  for  the  reproduction  of  manure,  would  it  not,  in 
the  case  of  heavy  land,  be  more  economical  to  convert  such 
food  directly  into  barley,  without  the  intervention  ^f  the  roots  ? 

Another  field  has  been  devoted,  for  nearly  28  years,  to  experi- 
ments on  rotation.  The  course  of  cropping  has  been  turnips, 
barley,  clover  or  beans,  and  wheat.  The  turnips  alone  are 
manured,  and  on  the  portion  to  which  I  am  about  to  refer  they 
are  all  fed  on  the  land.  The  manure  applied  per  acre,  for  each 
turnip-crop,  has  been  a  mixture  of  superphosphate  of  lime  and 
salts  of  potass,  soda  and  magnesia,  with,  in  addition, 

2000  lbs.  rape-cake, 
200  lbs.  ammoniarsalts. 
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The  average  produce  over  6  rotations  has  been 

Swedes,  12  tons, 
Barley,   47  bushels. 
Beans,    24  bushels. 
Wheat,   33  bushels. 

Let  OS  compare  this  result  with  that  obtained  from  the  same 
imonnt  of  manure  applied  directly  for  barley  in  the  experi- 
mental barley-field.  lOOO  lbs.  of  rape-cake  have  given,  over 
20  years,  an  average  of  45  bushels  per  acre  per  annum.  This 
naed  twice  gives,  therefore,  90  bushels  for  the  use  of  2000  lbs. 
of  rape-cake.  Again,  mixed  mineral  manure  and  200  lbs.  of 
ammonia-salts  (as  also  used  in  the  rotation  experiment)  has 
given,  over  20  years,  an  average  of  46  bushels.  We  have, 
therefore,  in  all  136  bushels  of  barley  produced  by  the  use,  on 
3  acres,  or  in  three  years,  of  2000  lbs.  of  rape-cake,  200  lbs. 
ammonia-salts,  and  mixed  mineral  manure. 

In  the  rotation  experiment,  the  same  amount  of  manure  grew 
in  the  first  year  12  tons  of  swedes,  for  which  nothing  was  received 
bat  the  increased  value  of  the  animals  consuming  them.  There 
was  left,  therefore,  some  charge  for  expenses,  besides  the  cost  of 
the  manures,  against  the  3  succeeding  crops ;  which  were, 
47  bushels  of  barley,  24  bushels  of  beans,  and  33  bushels  of 
wheat ;  whereas,  when  the  same  amount  of  manure  was  applied 
directly  for  the  growth  of  barley,  there  was  no  extra  charge 
against  the  crops  as  when  grown  after  the  roots,  and  136 
bushels  of  barley  were  obtained. 

It  may  be  said,  that  the  injury  done  by  the  sheep  consuming 
the  roots  on  the  land  accounts  for  the  comparatively  small  effect 
of  the  manures  in  the  rotation  experiment.  No  doubt  they  do 
injury,  and  this  is  one  of  the  great  objections  to  the  growth 
of  a  large  area  of  roots  upon  heavy  land.  This  will  not,  how- 
ever, account  for  the  following  facts : — 

In  the  very  hot  and  dry  season  of  1868,  the  root-crop  in  the 
rotation  experiment  entirely  failed,  but  the  succeeding  barley- 
crop  was  only  42  bushels  ;  whilst,  one-third  the  quantity  of 
manure,  applied  directly  for  the  barley  in  the  experimental 
barley-field,  gave  nearly  45  bushels. 

In  the  rotation  experiment,  there  has  obviously  been  a  much 
less  result  from  a  given  amount  of  manure,  than  in  the  experi- 
mental barley-field.  The  exact  explanation  of  the  fact  is  not 
quite  clear.  Some  of  the  nitrogen  of  the  rape-cake  and  ammonia- 
salts  has,  no  doubt,  been  lost  by  winter  drainage,  and  some 
retained  by  the  soil  in  such  a  condition  of  combination  or 
distribution  as  to  be  only  very  slowly  available  for  succeedlu^ 
crops.    At  any  rate,  we  learn  that  artificial  manures  g\\e  ^  iu\x.O^ 
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better  result  when  they  are  applied  not  long  before  active  growth 
commences,  and  that,  on  heavy  land,  they  can  be  more  profitably 
used  directly  for  the  growth  of  barley  than  for  roots  to  be  suc- 
ceeded by  barley. 

The  great  value  of  root-crops  upon  light  land,  and  even  upon 
some  of  the  heavier  soils  where  the  climate  is  comparatively 
moist,  has  led  to  their  cultivation  upon  land,  and  under  climatal 
conditions,  which  are  more  suitable  for  the  growth  of  grain. 
Added  to  this,  there  is  a  sort  of  undefined  opinion  prevailing 
with  many  farmers,  that  the  manure  produced  by  animals  acts 
in  some  mysterious  way,  quite  different  from  artificial  manures, 
and  hence  they  are  afraicl  to  trust  too  much  to  the  latter  sub- 
stances. 

The  results  obtained  in  the  experimental  field  at  Rothamsted 
show  conclusively  to  what  a  great  extent  artificial  manures  may 
be  relied  upon  to  produce  full  crops  of  barley,  of  good  quality, 
under  what  may  be  considered  by  no  means  favourable  conditions 
as  to  tillage.     There  is  no  reason  to  doubt  that,  with  the  im- 

f  roved  methods  of  cultivation  now  so  much  practised,  the  results 
have  laid  before  you  this  evening  may  be  exceeded ;  and  if 
the  suggestions  I  have  put  forward  be  adopted,  the  brewers  will 
not  long  have  to  complain  that  they  are  compelled  to  seek  in 
other  countries  for  the  supply  of  barley  which  may  be  grown 
with  profit  on  our  own  soils  to  a  much  greater  extent  than 
hitherto. 
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On  April  4,  1870,  I  read  a  Paper  before  the  London  Farmers' 
Club,  on  the  "  Exhaustion  of  the  Soil,  in  relation  to  Landlord's 
Covenants,  and  the  Valuation  of  Unexhausted  Improvements." 
The  object  of  the  first  part  of  that  Paper  was  to  point  out  and 
illustrate  the  difference  between  those  properties  of  the  soil 
which  are  known  under  the  term  of  "  condition"  and  those  which 
are  included  under  the  term  natural^  or  standard  fertility, 

I  defined  condition  of  land  to  be  due  to  the  accumulation 
within  the  soil  of  manurial  matters  which  may  be  withdrawn, 
or  reduced,  by  cropping,  within  a  comparatively  short  period  of 
time.  Condition  was  stated  to  be  a  quality  dependent  on  the 
expenditure  of  the  tenant ;  and,  subject  to  the  terms  of  his 
holding,  may  be  considered  to  be  his  property. 
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The  natural  or  standard  fertility  of  a  soil,  on  the  other  hand, 
was  the  property  of  the  landlord  ;  upon  it  depended,  in  a  great 
measure,  the  amount  of  rent  he  was  able  to  obtain  for  his  land ; 
and  although  this  natural  fertility  was  not  absolutely  inex- 
haustible, it  was  very  little  liable  to  injury  from  any  system  of 
agriculture  which,  so  far  as  present  appearances  enable  us  to 
judge,  had  any  prospect  of  prevailing  in  this  country. 

The  second  part  of  the  Paper  related  to  the  question  of  the 
valuation  of  unexhausted  manures ;  and,  taking  into  considera- 
tion the  great  difficulty  in  laying  down  rules  which  would  be 
generally  applicable  for  the  estimation  of  the  productive  capa- 
bility, and  consequently  of  the  money-value,  of  the  residue  of 
the  manures  which  have  already  yielded  a  crop,  I  suggested 
whether  it  would  not  be  possible  to  confine  the  valuation  to 
what  was  above  ground,  and  had  a  recognised  money-value, 
and,  in  so  doing,  to  do  full  justice  to  the  outgoing  tenant. 

About  the  time  that  that  Paper  was  read.  Parliament  was 
discussing  Mr.  Gladstone's  Irish  Land  Act,  which  afterwards 
became  the  law  of  the  land.  Under  that  Act  an  outgoing 
tenant  is  entitled  to  claim  compensation  for  "  tillages,  manures, 
or  other  like  farming  works,  the  benefit  of  which  is  unexhausted 
at  the  time  of  the  tenant  quitting  his  holding.**  The  Act  is  very 
explicit  in  all  that  relates  to  the  legal  machinery  by  which  claims 
may  be  tried  or  established  ;  but  it  gives  no  information  as  to  what 
constitutes  unexhausted  value,  or  how  that  value  is  to  be  estimated. 

It  could  hardly  be  doubted  that  on  a  subject  so  complicated, 
and  in  regard  to  which  the  best  authorities  might  differ  in 
opinion  very  widely,  much  litigation  would  take  place.  Extra- 
vagant claims  have  been  put  forward ;  and,  if  current  report 
may  be  trusted,  there  is  considerable  dissatisfaction  with  the 
working  of  the  Act  among  the  Irish  tenantry. 

In  1873,  an  English  gentleman,  who  had  been  the  assignee  of 
a  lease  g^nted  to  a  previous  tenant  by  the  late  Duke  of  Leinster, 
made,  at  the  expiration  of  his  term,  very  large  claims  upon  the 
landlord  for  unexhausted  tillages  and  manures.  The  case  was 
tried  before  the  Chairman  of  Quarter  Sessions ;  and  the  judg^ 
ment  being  adverse  to  the  tenant,  he  appealed,  and  the  cause 
was  then  heard  by  the  Lord  Chief  Justice  of  Ireland.  On  that 
occasion  I  was  present  as  a  witness  for  the  defendant ;  and 
I  had  ample  opportunity  of  observing  how  great  were  t^e  diffi- 
culties with  which  both  the  Judge  and  the  opposing  counsel  had 
to  contend.  On  my  return  to  England,  I  wrote  a  pamphlet  on 
*  Unexhausted  Tillages  and  Manures,  with  reference  to  the  Landlord 
and  Tenant  (Ireland)  Act.'  Part  of  the  Paper  had  reference  to 
the  trial,  and  had,  therefore,  only  a  local  and  temporary  interest. 
The  remainder  was  devoted  to  an  attempt  to  place  a  value  on 
^e  unexhausted  residue,  under  various  circumstances,  of  the 
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most  important  of  the  manures  which  are  likely  to  become  the 
tabjects  of  claim  for  compensation. 

In  reference  to  this  subject,  the  Committee  on  ^^  Unexhausted 
improTements "  appointed  bj  the  Council  of  the  Central  and 
Associated  Chambers  of  Agriculture,  have  done  good  service  in 
collecting  particulars  of  the  allowances  to  the  outgoing'  tenant 
ior  purchased  cattle-food  and  manures,  and  other  improvements, 
according  to  the  established  custom  in  different  counties  and 
districts. 

Farther,  it  is  now  a  much-debated  question,  whether  there 
should  not  be  legislation  in  regard  to  England  and  Scotland,  as 
alieadj  there  is  for  Ireland,  to  secure  to  the  outgoing  tenant 
compensation  for  his  unexhausted  improvements ;  and,  among 
othm,  especially  for  the  unexhausted  residue  of  purchased 
feedmg-stuffs  and  manures. 

It  seems  desirable,  therefore,  at  the  present  time,  to  pass  in 
leriew  the  state  of  existing  knowledge  on  the  subject  of  the 
Tslne  of  such  unexhausted  improvements,  and  to  compare  the 
nsolts  arrived  at  by  different  methods,  or  on  different  bases  of 
▼iliiation.  Accordingly,  I  propose  to  consider  the  basis,  and  the 
renhs,  of  the  estimates  of  the  value  of  the  unexhausted  residue 
o(jmTcIiased  (or  saleable)  feeding-stuffs  and  manures — 

rint:  As  set  forth  in  my  Paper  on  '  Unexhausted- Tillages 
^  Manures  with  reference  to  the  Landlord  and  Tenant  (Ire- 
li«l)Act/ 

Secondly :  According  to  the  established  custom  of  various 
connties  and  districts,  as  recorded  by  the  Committee  on  Un- 
cxlttosted  Improvements  appointed  by  the  Council  of  the  Central 
^  Associated  Chambers  of  Agriculture. 

Thirdly:  Confining  the  valuation  to  what  is  above  ground, 
^  has  a  recognised  and  easily-ascertainable  money-value. 

SlCnoK  I. —  Valuation  of  the  Unexhausted  Residue  of  purchased 
Peedinff'Stuffs  and  Manures^  founded  on  the  original  Manure- 
fxdue  of  the  Article^  and  on  the  results  of  direct  experiments^ 
oxd  of  common  experience^  with  different  Manures. 

In  the  fi^rst  place,  I  propose  to  direct  attention  to  some  of  the 
^ta  famished  by  my  experiments  at  Rothamsted,  in  regard  to 
|he  amount,  and  to  the  condition,  of  the  unexhausted  residue  left 
^  the  soil  by  different  descriptions  of  manure ;  and  to  attempt 
^  construct  a  scale  of  valuation  for  different  manures,  founded 
Pvtly  on  those  data,  and  partly  on  the  recognised  experience  of 
Pf^ctical  agriculture. 

Manubes. 

Before  considering  the  question  of  unexhausted  manures, 
It  will  be  well  to  say  a  few  wotds  on  the  action  and  value  of 
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manures  generally,  and  especially  on  the  difference  in  the  actioi 
and  value  of  different  descriptions  of  manure. 

The  term  manure  includes  a  great  variety  of  substances 
which,  when  applied  to  the  soil,  increase  the  growth  of  crops 
Formerly,  the  only  manure  employed  was  that  produced  bj 
animals  consuming  food,  and  using  litter,  which  were  excla 
sively  the  produce  of  the  farm  itself.  Modern  agriculture  ha^ 
greatly  altered  this  state  of  things.  We  have  now  a  long  list  o 
manures,  derived  from  sources  external  to  the  farm  itself,  whicl 
are  in  common  use  by  farmers. 

The  following  is  an  enumeration  of  the  most  important  o 
the  manures,  the  unexhausted  residues  from  which  are  likely  U 
become  the  subjects  of  claim  for  compensation  : — 

1.  Manure  produced  from  purchased  (or  saleable)  feeding 
stuffs. 

2.  Farmyard,  or  town-stable,  manure. 

3.  Rapecake  (or  other  cake)  used  as  manure. 

4.  Bones. 

l>.  Nitrate  of  soda. 

6.  Sulphate  of  ammonia. 

7.  Superphosphate  of  lime,  made  from  mineral  phosphates. 

8.  Guano,  in  its  natural  state,  or  manufactured. 

9.  Other  manures  of  more  or  less  unknown  composition.* 
10.  Liming,  chalking,  marling,  &c. 

The  difference  in  the  price  at  which  the  different  items  o 
purchased  manure  in  this  list  can  be  brought  upon  the  farm  h 
very  wide  indeed. 

By  way  of  illustration,  it  may  be  assumed  that  town-mad^ 
dung  will,  in  the  majority  of  cases  in  which  it  is  largely  used 
cost  the  farmer  about  7*.  6rf.  per  ton  delivered  on  his  farm 
Nitrate  of  soda  will,  however,  cost  him,  say  15^.  per  cwt.,  some 
times  more  and  sometimes  less.  Thus,  he  finds  it  worth  hi: 
while  to  give  about  as  much  for  1  cwt.  of  nitrate  of  soda,  as  fo: 
2  tons  of  stable-dung ;  or,  in  other  words,  about  40  times  a 
much  for  an  equal  weight  of  the  one  manure  as  of  the  other. 

Sulphate  of  ammonia  is  dearer  than  nitrate  of  soda  ;  and  al 
though  it  is  not  purchased  to  any  great  extent  by  the  farmer,  i 
is  much  used  in  the  manufacture  of  mixed  artificial  manures. 

Again,  Peruvian  guano  contains,  when  of  good  quality,  i 
considerable  quantity  of  ammonia,  as  well  as  phosphates,  ant 
it  costs  about  13Z.  per  ton ;  whilst  inferior  guano,  poor  in  am 
monia  but  rich  in  phosphate  of  lime,  and  superphosphate  o 
lime  containing  no  ammonia  at  all,  sell  for  only  from  one-thin 
to  one-half  as  much. 


*  Of  such  manures,  the  Sohedoles  of  the  Oommittee  on  Unexbansted  Improfc 
menta  iDoInde  partioiilara  relatmg  to  Kainit,  ashee,  night-soil,  and  town  manun 
soo^  BM'weed,  ffab,  and  "other  fertiliaem  TmenameraJbML" 


On  the  Valuation  of  Unexhausted  Manures.  7 

Nitrate  of  soda  contains  nitrogen  as  nitric  acid ;  sulphate  of 
ammonia  contains  it  as  ammonia ;  and  Peruvian  guano  also 
contains,  or  by  decomposition  yields,  it  as  ammonia.  In  fact, 
the  money-Talue  as  manure,  of  nitrate  of  soda,  or  of  sulphate  of 
ammonia,  is  exclusively,  and  that  of  Peruvian  guano  chiefly, 
due  to  the  nitrogen  they  contain. 

Thus  it  will  be  seen  that  the  highest^priced  manures  are 
those  which  are  rich  in  nitrogen.  A  few  illustrations  may  here 
be  given  of  the  effects  of  nitrogenous  manures  upon  the  growth 
of  crops. 

Barley  h&s  now  been  grown  in  one  field  at  Rothamsted  for  23 
years  in  succession.     On  one  portion  there  has  been  applied, 
every  year,  a  mineral  manure,  consisting  of  salts  of  potass,  soda, 
and  magnesia,   and  superphosphate  of  lime ;  and   the  average 
prodace  over  the  23  years  has  been  26^  bushels  of  dressed  corn 
per  statute  acre.     On  other  portions  there  were  used,  every  year, 
the  same  mineral  manures,  with  the  addition  of  ammonia-salts 
ornitrate  of  soda,  and  the  average  produce  then  reached  very 
nearlj  49  bushels  per  acre  per  annum ;  or  nearly  double  that 
^  the  mineral  manures  used  alone.     Indeed,  the  produce  ob- 
tained by  using  this  mixture  of  mineral  and  nitrogenous  manure 
wascren  rather  higher  than  that  yielded  by  the  use,  for  23  years  in 
tocoession  on  the  same  land,  of  14  tons  of  farmyard-manure  per 
soe  per  annum. 

In  an  immediately  adjoining  field  wheat  has  been  grown, 
without  manure,  and  by  different  descriptions  of  manure,  for  31 
jears  in  succession,  and  with  very  similar  results.  Mineral 
numores  alone  have  given  very  little  increase  of  produce ;  nitro- 
genous manures '  alone,  in  the  form  of  ammonia-salts  or  nitrate 
of  soda,  have  given  considerably  more  produce  than  mineral 
manure  alone ;  and  the  mixture  of  mineral  and  nitrogenous 
manures  has  yielded  much  more  still,  and  more,  of  both  corn 
vid  straw,  than  the  annual  application  of  farmyard-manure. 

Thus,  then,  not  only  are  those  manures  which  are  rich  in 
nitrogen  the  highest  priced,  but  direct  experiments,  extending 
over  a  long  series  of  years,  have  shown  that  nitrogen  has  in 
reality  a  higher  money-value  for  the  purposes  of  manure  than 
uj  of  the  other  substances  used. 

It  will  be  seen  further  on,  how  much  the  settlement  of  all 
questions  of  compensation  for  unexhausted  manures  must  depend 
open  the  estimate  formed  of  the  amount,  and  of  the  condition, 
of  the  nitrogen  of  the  manure  remaining  in  the  soil  ;  and  how 
much  this,  in  its  turn,  must  depend  on  the  description  of  the 
manure  employed,  the  character  of  the  soil  to  which  it  has 
^*en  applied,  the  characters  oi  the  climate  or  oi  paTUe\3\^x 
*easoiM^  and  the  kinds  of  crop  which  have  been  grown  aVuee  iV, 
'/^plication. 
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Unexhausted  Manures. 

When  a  manure  is  applied  to  the  soil,  what  happens  ?  This 
point  may  be  illustrated  very  usefully  for  our  present  purpose 
by  reference  to  direct  results  obtained  at  Rothamsted. 

To  certain  plots  given  quantities  of  salts  of  potass,  soda,  and 
magnesia,  superphosphate  of  lime,  and  salts  of  ammonia  (or 
nitrate  of  soda),  have  been  applied  every  year ;  and  for  between 
twenty  and  thirty  years  full  crops  of  wheat  and  of  barley  have 
been  obtained  under  this  treatment. 

Analysis  of  the  produce  has  shown  that  a  large  proportion  of 
the  nitrogen  supplied  in  the  manure  has  remained  unrecovered 
in  the  increase  of  the  crop  produced  by  its  use.  Still,  any 
reduction  in  the  quantity  annually  applied  was  followed  by  a 
diminution  in  the  amount  of  the  crop ;  or,  if  the  application 
were  entirely  stopped,  there  was  frequently  little  or  no  effect 
upon  succeeding  crops  from  any  unexhausted  residue. 

Analysis  of  the  soil  showed  that  a  portion  of  the  nitrogen  of 
the  manure  which  was  not  recovered  in  the  increase  of  crop  was 
accumulated  within  the  soil.  But  there  yet  remained  a  large 
amount  of  the  supplied  nitrogen  to  be  otherwise  accounted  for 
than  either  in  the  crop  or  in  the  soil. 

It  was  next  determined  that  the  drainage-water  from  the 
various  plots  of  the  experimental  wheat-field,  which  was  already 
pipe-drained,  should  be  examined.  Numerous  samples'  of  the 
drainage-water  from  the  differently-manured  plots,  collected  at 
different  periods  of  the  year,  have,  by  their  own  desire,  been 
supplied  for  analysis,  independently,  to  Professor  Voelcker  and 
to  Professor  Frankland.  Their  analyses  proved  that  the  drain- 
age-waters frequently  contained  a  large  amount  of  nitrogen  in 
the  form  of  nitrates ;  that  the  quantity  of  nitrates  was  the  greater 
the  greater  the  amount  of  ammonia-salts  applied  as  manure; 
and  that  (after  autumn-sowing)  the  quantity  was  very  much 
greater  in  the  winter,  than  subsequently  in  the  spring  and 
summer. 

In  one  case,  after  a  heavy  dressing  of  ammoniansalts,  Dr« 
Frankland  found  a  quantity  of  nitrates  in  the  drainage-water, 
which  would  correspond  to  a  loss  of  nearly  18  lbs.  of  nitrogen 
per  statute  acre,  provided  an  inch  of  rain  had  passed  as  drainage 
of  that  strength.  On  another  occasion,  after  a  heavy  dressing 
of  nitrate  of  soda,  Dr.  Voelcker  found  a  quantity  of  nitrates  in 
the  drainage-water,  which,  reckoned  in  the  same  way,  would  be 
equivalent  to  a  loss  of  about  13  lbs.  of  nitrogen  per  acre. 

Lastly,  on  this  point,  calculation  led  to  the  conclusion,  that 
most  probably  the  whole  of  the  nitrogen  which  had  been  sup- 
plied  as  manure  in  the  ammomar«a\U  ot  ii\tx«.te  of  •oda,  and 
trhicb   was   not  either  re-covered  in  tVie   mciewfc  ol  cscw^  w 
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retained  by  the  soil  in  a  very  slowly  available  condition,  was 
diained  away  and  lost. 

When  the  manure  employed  contains  or  yields  ammonia,  what 
happens  is,  that  the  ammonia  becomes  more  or  less  rapidly  oxi- 
dated in  the  soil,  and  so  converted  into  nitric  acid,  which  is 
washed  away  in  the  drainage-water,  chiefly  in  combination  with 
lime,  or  soda,  or  both,  if  not  in  the  mean  time  taken  up  by  a 
growing  plant  When,  however,  nitrate  of  soda  is  applied,  its 
great  solubility,  and  the  much  less  power  of  the  soil  for  the 
absorption  of  it,  or  of  its  products  of  decomposition,  than  for 
that  of  ammonia,  render  it  more  liable  still  to  loss  by  drainage 
if  heavy  rain  should  follow  soon  after  sowing. 

Although  the  nitrogen  of  manures  is  thus  found  to  be  very 
liable  to  loss  by  drainage,  direct  experiments  show  that  the  two 
important  mineral  constituents — phosphoric  acid  and  potass — are 
moch  less  liable  to  such  loss. 

Thus,  Dr.  Voelcker's  analyses  of  the  drainage-waters  showed 
them  to  contain  very  little  of  either  phosphoric  acid  or  potass ; 
and  analyses  of  the  soils  themselves,  made  by  Hermann  von 
liebig,  son  of  the  late  Baron  Liebig,  showed  that  they  con- 
tuned  considerably  more  of  both  phosphoric  acid  and  potass — 
^sfBosUj  in  the  upper  layers — the  greater  had  been  the  supplies 
of  them  by  manure.  Experiments  in  the  field  further  showed 
dutf  these  substances,  though  remaining  dormant  and  ineffective 
in  the  soil  in  the  absence  of  a  sufficient  supply  of  nitrogen, 
become  effective  even  for  twenty  years  or  more,  after  their 
application,  if  nitrogen  in  an  available  form  be  also  provided 
within  the  soil. 

Of  the  three  constituents  of  manures — nitrogen^  phosphoric 
ocH  and  potass — which,  in  the  sense  that  by  the  production  and 
nle  of  com  and  meat  they  are  the  most  likely  to  become  rela- 
tirely  deficient,  are  the  most  important  constituents  of  manures 
genorally,  it  is  then  proved,  that  the  nitrogen  is,  at  any  rate 
when  applied  to  ammonia-salts  or  nitrate  of  soda,  very  liable  to 
lots  by  drainage,  whilst  the  phosphoric  acid  and  potass  are,  in  a 
mach  greater  degree,  retained  by  the  soil. 

When  farmyard-manure  is  employed,  or  other  manures  con- 
taining a  large  quantity  of  nitrogenous  organic  matter  are 
Q<ed,  the  result  is  not  quite  so  simple.  For  example,  in  farm- 
jard-manure  a  portion  of  the  nitrogen  exists  as  ready-formed 
unmonia,  but  a  large  proportion  becomes  only  very  gradually 
converted  into  ammonia  as  the  nitrogenous  organic  matter 
decomposes  in  the  soil.  Indeed,  owing  to  the  slow  decom- 
position of  dung,  and  the  tardiness  with  which  a  large  pro- 
portion of  its  nitrogen  becomes  available  for  the  use  of  the 
growing  crop,  three  or  four  times  more  nitrogen  in  iVie  lotnv 
o/duag,  tbun  in  active  artificial  manures,  must  \>e  «^\^\edi 
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to  produce  the  same  effect  upon  the  immediately  succeeding 
crop. 

How  slow  is  the  perfect  decomposition  of  dung  in  the  soil, 
and  how  slowly  a  large  proportion  of  its  nitrogen  becomes 
available  for  the  use  of  growing  crops,  is  strikingly  illustrated 
in  the  following  facts : 

In  the  experiments  at  Rothamsted  on  permanent  grass-land,  one 
plot  received  14  tons  of  farmyard-manure  per  acre  per  annum, 
for  8  years,  1856-'63,  and  gave  an  average  produce  of  43  cwts. 
of  hay,  against  23f  cwts.  on  the  unmanured  plot  over  the  same 
period.  During  the  subsequent  11  years,  1864-'74,  there  has 
been  no  further  application  of  dung  or  of  any  other  manure  on 
the  previously  dunged  plot,  and  the  average  produce  over  the 

11  years  has  been  33^  cwts.  of  hay,  against  19j^  over  the  same 
period  on  the  plot  unmanured  from  the  commencement.  The 
total  increase  during  the  8  years  of  the  application  of  the  dung 
was  7  tons  12^  cwts.  of  hay  ;  and  the  total  increase  during 
the  next  11  years,  due  to  the  residue  of  the  dung  previously  ap- 
plied, was  7  tons  13^  cwts. ;  but  it  has  fallen  off  very  much 
during  the  later  years,  averaging  considerably  less  than  one-half 
as  much  over  the  last  5,  as  over  the  first  6  of  the  11  years.  It  is 
probable  that,  during  the  whole  19  years,  not  more  than  two- 
thirds  as  much  nitrogen  has  been  removed  in  the  total  produce 
of  hay  as  was  supplied  in  the  manure,  and  the  increase  of  nitro- 
gen over  that  contained  in  the  permanently  unmanured  produce 
has  probably  been  not  one-fourth  as  much  as  was  supplied. 

Again,  for  twenty  years  in  succession,  14  tons  of  dung  were 

g plied  per  acre  on  one  plot  in  the  experimental  barley-field, 
ilculation  showed  that  a  much  smaller  proportion  of  the  nitro- 
gen of  the  dung  was  taken  up  by  the  increase  of  crop,  than  of 
that  supplied  in  ammonia-salts  or  nitrate  of  soda ;  and,  judging 
from  other  experiments,  it  is  concluded  that  the  percentage  of 
nitrogen  in  the  surface-soil  has  been  increased  by  the  residue  of 
the  dung  to  nearly  double  that  of  any  other  plot  in  the  field. 
Yet  when,  after  twenty  years,  the  application  of  dung  was 
stopped  on  one-half  of  the  plot,  and  continued  on  the  other  half, 
the  average  produce  over  the  "next  three  years  was,  without 
further  application,  44  bushels  of  dressed  com,  and  2684  lbs. 
of  straw ;  but  where  the  application  was  continued,  it  was,  over 
the  same  three  years,  52^  bushels  of  dressed  com,  and  3502  lbs. 
of  straw;  or  there  was  an  average  per  acre  per  annum  of  8^ 
bushels  more  of  dressed  com,  and  818  lbs.  more  straw,  where 
the  dung  was  applied  afresh,  than  where  the  application  had 
been  discontinued.  It  is  true  that  the  produce  without  further 
application  was  large,  and  no  doubt  largely  due  to  the  residue 
from  the  previous  applications  of  dung ;  but,  notwithstanding 
tbfi  very  great  accumulation  within  the  soil  of  nitrogen,  and. 
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doubtless,  of  all  other  constituents  also,  the  produce  did  not  reach 
the  maximum  which  the  characters  of  the  seasons  admitted  of, 
bat  was  considerably  exceeded  on  the  fresh  application  of  dung. 
Dang,  however,  possesses  two  very  important  properties — one 
mechanical  and  the  other  chemical.  By  reason  of  its  bulk,  and 
the  quantity  of  organic  matter  it  contains,  it  serves  to  render 
the  soil  more  open  and  porous,  and  so  to  enable  it  not  only  to 
retain  more  water  in  a  favourable  condition,  but  also  to  absorb 
md  retain  more  of  the  valuable  constituents  of  the  manure,  and 
10  to  arrest  the  passage  of  them  in  solution  into  the  drains. 
Further,  by  the  gradual  decomposition  of  the  organic  matter  of 
the  dang,  the  pores  of  the  soil  become  filled  with  carbonic  acid, 
which  probably  serves  to  retard  the  oxidation  of  the  ammonia 
into  the  more  soluble  form  of  nitric  acid,  in  which  it  would  be 
more  liable  to  be  washed  out  and  lost  by  drainage.  From  these 
Curts  it  will  be  readily  understood  how  it  is  that  dung  is  more 
luting  in  its  effects  than  the  more  active  artificial  manures. 

Still,  in  the  experiments  at  Rothamsted  in  which  dung  has 
been  applied  year  after  year  for  many  years  in  succession,  there 
li  a  large  amount  of  the  nitrogen  so  supplied  which  is  not  yet 
>cooQnted  for  either  in  the  increase  of  crop  or  in  the  soil. 
Wlether  there  is  an  ultimate  loss  of  a  greater  or  a  less  pro- 
portion of  that  supplied  than  when  ammonia-salts  or  nitrate  of 
»da  is  used ;  whether  the  loss  will  be  proportionally  the  same 
when  dung  is  used  in  more  moderate  quantity ;  or  whether  the 
loss  be  wholly,  or  chiefly,  by  drainage,  or  in  other  ways,  the 
^idence  at  present  at  command  is  not  sufficient  to  determine 
with  certainty. 

From  the  foregoing  observations  on  the  characteristics  of 
*^e  of  the  most  important  descriptions  of  manure,  it  will  be 
obrious  how  essential  it  is  to  take  into  careful  consideration  the 
peculiar  properties,  and  probable  duration  of  effect,  of  different 
'panares,  if  we  would  hope  to  arrive  at  anything  like  a  fair 
^imate  of  the  money-value  of  the  unexhausted  residue  they 
leave  in  the  soil  under  various  circumstances. 

Guided  by  such  knowledge  as  I  possess  on  the  various  essen- 
W  points  of  the  question,  I  will  now  endeavour  to  estimate  the 
^alue  of  the  unexhausted  residue  of  various  manures,  under  the 
circumstances   in  which  that  value  is  most  likely  to  become 
the  subject  of  claim  for  compensation.     In  all  cases,  the  valuation 
is  expressed  in  the  number  of  shillings  estimated  to  be  due  to 
the  outgoing  tenant,  for  twenty  shillings  original  manure-value. 
The  valuations  given  must,  however,  be  taken  as  only  approxi- 
mately correct,  as   the   amounts   due   might    be   affected  very 
materially — according  to  the  cleanliness  or  foulness  of  the  land, 
the  lightness  or  heaviness  of  the  soil,  the  dryness  or  wetness 
of  the  locality  or  of  particular  seasons,  and  the  difference  be- 
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tween  the  purchasing  price  of  the  food  or  manure  and  its  actual 
and  relative  value. 


1.  Manure  from  Purchased  (or  Saleable)  Feeding-stufts. 

Claims  for  compensation  for  unexhausted  manures  will  pro- 
bably arise  more  frequently  under  this  head  than  under  any 
other.  It  will  be  necessary,  therefore,  to  consider  the  question 
in  some  detail. 

When  the  farmer  uses  purchased  feeding-stuffs,  or  food  the 
produce  of  the  farm  which  he  would  otherwise  be  justified  in 
selling,  he  looks  for  his  remuneration  partly  to  the  increased 
value  of  his  animals,  and  partly  to  the  value  of  the  manure 
obtained  from  them.  The  increased  value  of  the  animals  is  of 
itself  seldom,  if  ever,  equal  to  the  cost  of  the  food  consumed. 
Unless,  therefore,  the  outgoing  tenant  can  rely  upon  obtaining 
compensation  for  the  value  of  the  manure  produced  from  such 
food,  he  must  either  cease  to  purchase  it,  and  feed  his  animals 
on  the  non-saleable  produce  of  the  farm  alone  for  a  year  or  two 
before  he  leaves  it,  or  he  must  submit  to  a  loss  which  sometimes 
will  be  very  considerable. 

Before  we  can  approach  the  question  of  the  value  of  the 
unexhausted  residue  of  manure  produced  by  the  consumption  of 
purchased  (or  saleable)  food-stuffs,  it  is  necessary  to  come  to 
some  decision  as  to  the  original  value  of  such  manure.  In  other 
words,  we  must  endeavour  to  determine  how  much  of  the  cost 
of  any  particular  food  should  be  charged  to  the  manure  account. 

With  regard  to  the  value  of  different  foods  for  feeding  pur- 
poses, it  may  be  stated  in  general  terms,  as  the  conclusion  drawn 
from  hundreds  of  feeding  experiments  with  different  descriptions 
of  food  made  at  Rothamsted,  that,  weight  for  weight,  there  is 
very  much  less  difference  in  the  f eeding^value  than  in  the  manure^ 
value  of  foods  which  are  included  in  what  may  be  called  the 
same  class.  For  instance,  it  will  make  comparatively  little  dif- 
ference, so  far  as  the  increase  in  live-weight  of  the  animal  is 
concerned,  whether  a  ton  of  cake,  a  ton  of  pulse,  a  ton  of  Indian 
meal,  or  a  ton  of  barley,  be  given  to  fattening  oxen  or  sheep, 
and  comparatively  little  whether  a  ton  of  clover-hay  or  a  ton  ojf 
meadow-hay  be  used.  Within  each  of  these  classes  of  food, 
however,  there  would  be  a  much  wider  difference  in  the  value 
of  the  manure  which  the  consumption  of  a  ton  of  each  of  them 
would  produce. 

Having  regard  to  the  results  of  the  feeding^xperiments  above 

referred  to,  and  taking  into  consideration  the  known  average 

composition  of  different  descriptions  of  food,  an  estimate  was 

made  of  what  proportion  of  certain  of.  the  constituents  in  a  ton  of 

various  foods  would,  on  the  average,  be  stored  \i^  Va  V^i<&  vmsskii 
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itself,  and  what  proportion  would  be  obtained  in  the  manure 
produced.  The  value,  for  manure,  of  those  constituents  was 
then  calculated,  and  the  results  are  given  in  Table  I.,  below, 
the  substance  of  which  I  first  published  about  fifteen  years 
ago.  Those  estimates  of  manure^alue  were,  at  the  time,  con- 
sidered by  some  to  be  somewhat  too  high.  They  have  lately 
been  carefuUy  reconsidered ;  and  taking  into  account  the  higher 
money-value  of  some  of  the  constituents  at  the  present  time,  it 
has  been  decided  to  make  but  little  further  alteration  than  to  add 
a  few  articles  to  the  list  that  were  not  originally  included  in  it. 


Table  L — ^Esnif  atkd  Valxtb  of  the  Manvbs  obtained  by  the  Con- 
8UKPTION  of  different  Abtioles  of  Food,  each  supposed  to  be 
good  quality  of  its  kind. 


No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 


DiacuPTioii  OF  Fooa 


Cotton  seed-cake,  decorticated    . . 

Rape-cake      

LiDseed-cake  .. 

Cotton  aeed-oake,  not  decortioated 

LentilB 

Beans      

Tares      

Linseed 

Peas        

Indian  meal 

Locust-beans 

Malt-dust       

Bran       

Coarse  pollard       

Fine  pollard  « 

Oats        

Wheat 

Malt        

Barley 

Clover-hay     

Meadow-hay 

Bean-straw 

Pea-straw       

Oat-straw       

Wheat-straw 

Barley-straw 

Potatoes 

Parsnips. 

Mangold  wurtzel 

SwecOsh  turnips 

Common  turnips 

Carrots 


Moner-yalae 
of  the  Manure 

from 

one 

Ton  of  each  Food. 

£    «. 

d. 

6  10 

0 

4  18 

6 

4  12 

6 

8  18 

6 

3  17 

0 

3  14 

0 

3  13 

6 

3  13 

0 

3    2 

6 

1  11 

0 

1     2 

6 

4    5 

6 

2  18 

0 

2  18 

0 

2  17 

0 

1  15 

0 

1  13 

0 

1  11 

6 

1  10 

0 

2    5 

6 

1  10 

6 

1     0 

6 

0  18 

9 

0  13 

G 

0  12 

6 

0  10 

9 

0    7 

0 

0    5 

6 

0    5 

8 

0    4 

3 

0    4 

0 

0    4 

0 
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The  prices  given  in  the  foregoing  Table  represent  what  it  will 
be  convenient  to  term  the  manure^alue  of  a  ton  of  the  different 
descriptions  of  food ;  that  is  to  say,  the  value  of  the  manure  pro- 
vided it  reached  the  soil  without  material  loss,  and  was  not 
subject  to  loss  by  drainage  before  the  growth  of  a  crop.  These 
prices  might  conveniently  be  taken  as  a  basis  in  the  settlement 
of  claims  for  compensation  for  the  unexhausted  residue  of  manure 
derived  from  the  consumption  of  purchased  or  saleable  feeding- 
stuffs,  provided  the  system  of  valuation  now  under  consideration 
were  adopted. 

Anyone  acquainted  with  the  cost  and  the  feeding-value  of  the 
different  foods  will  see,  by  a  glance  at  the  Table,  how  little  con- 
nection there  is  between  either  the  cost,  or  the  feeding^value,  of  a 
ton  of  the  different  foods,  and  what  may  be  termed  their  manure^ 
value. 

It  is  clear,  therefore,  that  it  would  be  quite  fallacious  to  base 
a  claim  for  compensation  for  the  unexhausted  manure  from  pur- 
chased food,  either  upon  the  number  of  tons  of  food  consumed, 
regardless  of  the  description  of  that  food,  or  upon  the  amount  of 
money  expended  in  its  purchase.  For  example,  the  cost  of  a  ton 
of  undecorticated  cotton-cake,  and  of  a  ton  of  locust-beans,  would 
be  much  about  the  same ;  but  the  Table  shows  that  the  estimated 
value  of  the  manure  from  the  consumption  of  a  ton  of  the  cotton- 
cake  would  be  3/.  18^.  G^/.,  whilst  that  from  a  ton  of  locust-beans 
would  be  only  1/.  2s,  6d.  Hence,  the  same  outlay — according 
as  a  ton  of  the  one  or  of  the  other  of  these  two  descriptions  of 
food  were  purchased — would  result  in  a  difference  of  2/.  16s.  in 
the  value  of  the  manure  thereby  brought  upon  the  farm. 

The  manure-value  alone  should,  therefore,  be  adopted  as  the 
basis  of  any  calculations  of  the  value  of  the  unexhausted  residue 
of  manures  derived  from  the  consumption  of  ^purchased  or  saleable 
food-stuffs. 

Adopting  the  manure-value  of  the  different  foods,  as  given  in 
the  Table,  I  will  now  endeavour  to  estimate,  to  the  best  of  my 
ability,  the  value  of  the  unexhausted  residue  of  such  manure, 
under  various  circumstances  which  are  likely  to  occur. 

When  the  ordinary  manure  of  the  farm  is  enriched  by  the  con- 
sumption of  purchased  or  saleable  foods,  the  first  crop  grown 
after  the  application  of  such  manure  will  be  considerably  in- 
creased. The  second  and  third  crops  will,  according  to  circum- 
stances, be  more  or  less  benefited ;  but,  practically  speaking, 
there  will  be  no  unexhausted  residue  left  at  the  end  of  the 
rotation. 

If  purchased  food  be  consumed  with  a  root-crop  by  the  outgoing 

tenant,  and  he  take  no  crop  grown  by  the  manure  so  produced, 

he  should  be  allowed  compensation  at  the  tate  of  I7s.  for  every 
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20f.  of  the  original  manure^value  of  the  food  if  it  have  been  con- 
sumed on  the  land,  or  \&s,  if  consumed  in  the  yards.  If  he 
take  one  corn-crop  produced  bj  such  manure,  sell  the  corn,  but 
leave  the  straw  on  the  farm,  he  should  be  allowed  7^.  for  every 
2(k  of  the  original  manure^alue  of  the  purchased  or  saleable 
food.  If  he  have  taken  a  second  corn-crop,  leaving  the  straw,  he 
should  be  allowed  Is. ;  or  if,  instead  of  a  second  corn-crop,  grass 
or  hay  be  grown  and  consumed  on  the  farm,  2s. ;  but  if  the  second 
crop  after  the  roots  be  hay  which  he  has  sold,  nothing  should 
he  awarded  to  him. 

If  purchased  or  saleable  food  be  consumed  on  grass-land,  and 
the  outgoing  tenant  have  not  afterwards  removed  a  crop  of  hay, 
he  should  be  allowed  18^.  for  20^.  original  manure-value  of  the 
food.  If  he  have  taken  one  crop  of  hay,  and  consumed  it  on  the 
farm,  he  should  be  awarded  II5. ;  but  if  the  hay  have  been  sold, 
onlj  h.  for  20^.  of  the  manure^alue  of  the  food.  After  a  second 
jea?s  hay-crop,  if  consumed,  2s. ;  but  if  sold,  nothing  should  be 
allowed.  If  the  land  be  only  pastured,  and  purchased  food  be 
coDsomed  on  it  for  one,  two,  or  three  years  before  leaving,  the 
compensation  might  fairly  be  fixed  at  18«.for  205.  original  manure- 
^ue  after  one  year,  at  12^.  after  two  years,  and  at  4^.  after  three 
jetrs. 

2.  Fabmyabd  or  Town-stable  Manure. 

Farmyard-manure,  made  from  the  produce  of  the  farm,  should 
not  be  made  the  subject  of  any  claim  for  compensation  by  the 
outgoing  tenant,  whether  such  manure  have  grown  a  crop,  or 
i^main  in  the  yards,  or  on  the  land,  unless  he  paid  for  it  under 
the  same  conditions  on  entry.  The  cases  of  the  enrichment  of 
'iich  manure  by  the  use  of  purchased  (or  saleable)  cattle-food 
voold  be  taken  into  account  under  the  provisions  of  the  previous 
wb-section  (1). 

When  stable-manure  is  purchased  and  used  in  large  quantities, 
^  the  application  has  extended  over  a  long  series  of  years,  as, 
^or  instance,  in  the  case  of  garden-ground,  the  unexhausted 
^idue  remaining  in  the  soil  is  very  great,  and  large  crops  may 
^  taken  from  such  land,  without  further  manuring,  for  a  number 
of  jears  in  succession.  Such  cases  would  require  special  con- 
sideration and  adjudication,  if  not  provided  for  by  special  agree- 
ment, as  would  generally  be  the  case. 

When  purchased  stable-manure  is  only  used  in  the  moderate 
^iiantity  usual  in  ordinary  agriculture,  and  only  once  in  the 
^urse  of  a  rotation  of  four  or  five  years,  it  may  be  assumed  that 
Awards  the  end  of  such  period  no  unexhausted  residue  would 
^Qiain  which  would  be  sufficient  to  justify  a  claim  for  compen- 
^tion  to  the  outgoing  tenant. 
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If  purchased  stable-manure  be  applied  for  roots  which  are  con- 
sumed on  the  land,  lis,  for  every  20s.  of  the  original  value  of 
the  manure  may  be  allowed ;  but  if  the  roots  be  consumed  in  the 
yards,  only  16s.  If  one  corn-crop  be  afterwards  taken,  the  com 
sold,  but  the  straw  left  on  the  farm,  9s.  may  be  allowed ;  if  a 
second  crop  have  been  taken,  the  com  sold,  but  the  straw  left, 
3s.  should  be  allowed ;  or  if,  instead  of  a  second  corn-crop,  grass 
or  hay  be  grown  and  consumed  one  year,  5s. ;  but  if  the  hay  be 
sold,  or  the  grass  have  been  grazed  a  second  year,  only  2s.  should 
be  allowed. 

If  such  manure  be  applied  directly  for  a  corn-crop,-  the  com 
sold,  and  the  straw  left,  12s.  for  20s.  of  the  original  value  of  the 
manure  may  be  awarded.  After  a  second  com-crop,  6s. ;  or  if, 
instead  of  i  second  com-crop,  grass  or  hay  be  gro^n  and  con- 
sumed  one  year,  8s. ;  or  if  the  first  yearns  hay  be  sold,  or  the 
produce  grazed  or  consumed  a  second  year,  only  4^.  should  be 
allowed. 

If  the  manure  be  applied  directly  to  grass-land,  and  the  produce 
is  entirely  grazed,  18s.  may  be  allowed  after  one  year,  lAs.  after 
two  years,  8s.  after  three  years,  and  2s.  after  four  years.  If  the 
manure  be  applied  to  grass-land,  and  hay  be  taken  exclusively 
for  consumption  on  the  farm,  the  allowance  should  be  16s.  after 
one  year,  12s.  after  two  years,  and  6s.  after  three  years ;  or  if 
the  hay  be  sold,  10s.  after  one  year,  4^.  after  two  years,  but  nothing 
after  three  years  should  be  allowed. 

3.  Rape-oake  (ob  otheb  Cake)  used  as  Manure. 

When  rape-cake,  or  other  cake,  is  used  as  manure,  a  consider- 
able portion  of  it  decomposes  pretty  rapidly  in  the  soil,  and  the 
more  so  the  lighter  and  more  porous  the  soil.  It  yields  up  a 
much  larger  proportion  of  its  nitrogen,  and  other  manurial  con- 
stituents, in  the  first  year  of  its  application,  than  does  fSeomyard- 
manure ;  and  accordingly,  in  practice,  a  quantity  not  containing 
one-fourth  the  amount  of  nitrogen  of  an  ordinary  dressing  of  dung 
would  be  applied  to  produce  the  same  e£fect  on  the  first  crop. 
An  ordinary  dressing  of  rape-cake,  therefore,  after  the  first  crop, 
leaves  a  very  much  less  unexhausted  residue  than  an  ordinary 
dressing  of  dung.  A  given  quantity  of  nitrogen  applied  as  rape- 
cake  would,  on  the  other  hand,  be  less  rapidly  available  and 
effective  than  the  same  quantity  applied  as  nitrate  of  soda,  snl- 

Ehate  of  ammonia,  or  Feruvian  guano ;  but  it  would  be  less 
able  to  loss  by  drainage,  and  would,  therefore,  leave  a  larger 
proportion  as  unexhausted  residue  after  the  first  crop,  than  either 
of  the  above-named  more  rapidly  active  manures. 

If  the  outgoing  tenant  have  applied  cake  as  manure  for  a  root- 


On  the  Valuation  of  Unexhausted  Manures.  17 

crop,  and  the  roots  have  been  consumed  on  the  farm,  he  should 
receive  compensation  at  the  rate  of  16s,  for  20s.  cost  of  the 
manure  if  they  were  consumed  on  the  land,  and  of  15s.  if  con- 
mmed  in  the  yards.  If  a  corn-crop  have  been  grown  after  the 
roots,  the  com  sold,  and  the  straw  left,  he  might  receive  7s.  for 
iOs.  cost  of  the  manure  ;  if  a  second  corn-crop.  Is.  ;  or  if,  instead 
of  a  second  corn-crop,  grass  or  hay  be  grown  and  consumed,  3s. ; 
bat  if  hay  be  sold,  nothing  should  be  allowed. 

If  the  cake  be  applied  directly  for  a  corn-crop,  the  com  sold, 
ind  the  straw  left.  Is.  for  20s.  cost  of  the  manure  may  be  allowed. 
If  a  second  corn-crop  have  been  taken,  Is. ;  but  if  a  third,  nothing 
thoold  be  allowed.  If,  instead  of  a  second  corn-crop,  grass  or 
hay  be  g^wn  and  consumed,  after  one  year,  3«.,  or  after  two 
yetrs.  Is. ;  but  if  hay  be  sold,  nothing  should  be  awarded. 

4.  Bones. 

Ordinary  crushed  or  half-inch  bones  decompose  less  rapidly, 
and  are,  therefore,  less  rapidly  active,  than  finely-ground  bones, 
h  either  state  bones  are  less  rapidly  'active  than  rape-cake, 
and,  like  rape-cake,  are  much  less  so  than  nitrate  of  soda, 
>nuBonia-salts,  or  guano.  The  action  of  bones  depends,  more- 
over, tery  much  upon  the  characters  of  the  soil  to  which  they 
ue  applied.  In  heavy  soils  their  action  is  very  slow,  and  there- 
fore the  more  lasting ;  but  in  light  soils  it  is  more  rapid,  and 
less  lasting. 

In  the  case  of  soils  to  which  experience  has  shown  that  bones 
<^  be  applied  with  effect  and  profit  for  the  root-crop,  if  so 
^lied,  and  no  crop  have  been  grown  from  the  manure  pro- 
duced by  the  consumption  of  the  roots,  the  allowance  might  be 
I7i  for  20s.  original  value,  if  the  roots  have  been  consumed  on 
the  land,  or  16s.  if  consumed  in  the  yards.     If  a  corn-crop  have 
been  taken  after  the  roots,  the  com  sold,  and  the  straw  left,  Ss. ; 
^  a  second  corn-crop,  2s. ;  if,  instead  of  a  second  corn-crop, 
S^us  or  hay  be  grown  and  consumed  one  year,  4«. ;  or  if  hay 
be  sold,  or  grass  or  hay   consumed  a  second    year,   only  Is. 
Acmld  be  allowed. 

If  bones  be  applied  to  suitable  grass-land,  which  is  entirely 
P^zed,  ISs.  for  20s.  original  value  may  be  allowed  after  the  first 
T^r,  13^.  after  the  second,  6s.  after  the  third,  and  1^.  after  the 
fourth  year.  If  the  grass  be  made  into  hay  and  consumed  on  the 
^*nn,  16s.  after  one  year,  10*.  after  two  years,  and  3*.  after  three 
y^rs,  may  be  allowed.  If  the  hay  be  sold,  10s.  may  be  allowed 
^rthe  first  year,  is.  after  the  second,  but  nothing  after  the  third 
year. 
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5.  Nitrate  of  Soda. 

From  what  has  been  already  said  of  the  loss  of  the  nitrogen 
of  manure  by  drainage,  and  especially  of  the  very  great  loss  that 
may  arise  when  such  soluble  and  rapidly  active  nitrogenous 
manures  as  nitrate  of  soda  or  ammonia-salts  are  used,  it  will  be 
readily  understood  that,  when  they  are  employed,  we  have  not 
to  look  forward  very  far  to  reach  the  limit  of  their  action,  and 
consequently  the  period  at  which  any  claim  for  compensation 
for  their  unexhausted  residue  should  cease.  This  point  is  in 
fact  sooner  reached  in  their  case  than  in  that  of  any  other  nitro- 
genous manures.  Next  in  order  in  lasting  character,  so  far  as 
the  nitrogen  is  concerned,  comes  guano,  then  perhaps,  folding, 
then  rape-cake,  and  then  bones ;  whilst  farmyard-manure  is  the 
most  lasting  of  all. 

Notwithstanding  the  very  great  solubility  of  nitrate  of  soda, 
and  its  greater  liability  to  loss  by  drainage  than  any  other  nitro- 
genous manure,  some  experiments  at  Kothamsted  have  shown 
that  after  it  had  been  used  in  large  quantities,  and  for  many 
years  in  succession,  considerable  benefit  accrued  to  future  crops. 
To  what  extent  this  result  was  due  to  the  disintegration  of  the 
subsoil,  by  which  it  became  more  porous,  more  capable  of  re- 
taining water  in  a  condition  favourable  for  the  growing  -crop, 
and  more  permeable  to  its  roots,  and  how  much  to  the  retention 
of  nitric  acid  by  virtue  of  the  increased  porosity,  and  therefore 
increased  surface  for  absorption,  of  the  subsoil,  there,  is  not 
sufficient  evidence  to  show.  It  would,  indeed,  be  quite  unsafe 
to  assume  that  any  conclusions  applicable  to  ordinary  practice 
can  be  drawn  from  these  results,  obtained  under  such  excep- 
tional circumstances. 

It  must  in  fact,  for  practical  purposes,  be  assumed  that  nitrate 
of  soda,  used  only  occasionally,  and  only  in  the  moderate 
quantities  usually  applied,  leaves  no  beneficial  residue  after  the 
removal  of  the  first  crop.  Whatever  is  not  taken  up  by  the  crop 
itself,  or  washed  out  during  its  growth,  will  probably  be  in 
great  part  drained  away  in  the  winter  following,  leaving  at  any 
rate  but  a  small,  an  uncertain,  and  a  doubtfully  effective  residue. 

If  nitrate  of  soda  have  been  used  for  roots  consumed  upon  the 
farm,  and  the  manure  so  produced  have  not  yielded  a  crop,  15«. 
for  20^.  original  value  of  the  manure  may  be  allowed  if  the  roots 
have  been  consumed  on  the  land,  or  14^.  if  in  the  yards.  If  the 
manure  produced  from  the  consumption  of  the  roots  have  yielded 
a  corn-crop,  the  com  sold  and  the  straw  left,  4«.  for  20«.;  or  if  a 
second  corn-crop  have  been  taken,  \s.\  or  if  instead  of  a  second 
corn-crop,  grass  or  hay  be  grown  and  consumed,  2«.  may  be 
Mllowed. 
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When  nitrate  of  soda  is  applied  for  a  corn-crop,  the  grain  sold 
bj  the  outgoing  tenant,  and  the  straw  left  on  the  farm,  he 
ihoald  receive  6s,  for  20s.  cost  of  the  manure ;  nothing  after  a 
leoond  corn-crop ;  but  if,  instead  of  a  second  corn-crop,  grass  or 
haj  be  grown  and  consumed,  Is. 

if  nitrate  of  soda  have  been  applied  to  grass  which  has  been 
only  pastured,  16s.  for  20s.  of  original  value  of  the  manure 
dumld  be  allowed  after  one  year,  10s.  after  two  years,  and  2^. 
after  three  years  ;  if  hay  have  been  taken  and  consumed,  14s. 
after  the  first  year,  Ss.  after  the  second  year,  and  1^.  after  the 
third  year ;  but  if  the  hay  have  been  sold,  2s.  after  one  year,  but 
nothing  afterwards  should  be  allowed. 

6.  Sulphate  op  Ammonia. 

The  only  salt  of  ammonia  used  to  any  extent  for  agricultural 
purposes  is  the  sulphate  of  ammonia.  As  already  said,  this  is 
med  to  a  considerable  extent,  but  chiefly  in  the  manufacture  of 
nixed  manures.  When  sown  in  the  autumn  it  will  be  more 
liable  to  loss  by  drainage  than  when  sown  in  the  spring ;  but 
when  sown  in  the  spring,  it  will  probably  be  less  liable  to  loss  by 
drainage  than  nitrate  of  soda  sown  at  the  same  time.  It  is  more 
liiUe  to  such  loss  in  the  case  of  light  and  porous  soils  and 
sniieoils,  than  of  soils  and  subsoils  of  more  retentive  character. 

The  same  rules  for  compensation  will  be  applicable  to  sulphate 
of  sounonia  as  to  nitrate  of  soda,  provided  the  circumstances  of 
its  application,  as  above  referred  to,  be  the  same. 


7.  supebphosphate  of  lime  made  fbom  mineral 

Phosphates. 

It  has  been  explained  that  the  phosphoric  acid  and  the  potass 
of  manures  are  comparatively  little  liable  to  loss  by  drainage,  at 
snj  rate  when  applied  to  the  heavier  soils.  In  fact,  superphos- 
phate leaves  a  considerable  unexhausted  residue ;  but  that  residue 
U)  as  a  rule,  without  appreciable  effect  on  succeeding  crops, 
ludess  nitrogenous  manure  be  applied  to  take  it  out.  If,  there- 
fore, the  crop  for  which  the  manure  has  been  applied  has  been 
wholly  sold  by  the  outgoing  tenant,  no  residue  will  remain  to 
^hich  a  money-value  can  be  assigned. 

The  most  prominent  effect  of  superphosphate  of  lime  when 
Applied  to  a  root-crop  is  to  cause  a  great  development  of  root- 
filires,  thus  enabling  the  plant  to  gather  up  much  more  of  other 
food  from  the  soil.  It  therefore  serves  to  increase  the  imme- 
diate effect  of  other  manures  supplied  with  it ;  also  to  Ivxiti  Vo 
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account  accumulations  within  the  soil  which,  if  not  taken  up, 
would  be  liable  to  loss  by  drainage. 

When  superphosphate  has  been  applied  to  roots,  and  no  crop 
has  been  taken  from  the  manure  produced  by  their  consumption, 
9^.  for  20^.  of  its  cost  may  be  allowed  if  the  roots  be  consumed 
on  the  land,  or  8«.  if  in  the  yards ;  or  if  corn  have  followed  the 
roots,  the  grain  sold  and  the  straw  left,  2s,  may  be  allowed. 

When  superphosphate  has  been  applied  for  a  corn-crop,  the 
com  sold  and  the  straw  left,  compensation  to  the  extent  of  5«.  for 
20s,  cost  of  the  manure  might  be  granted. 

If  superphosphate  have  been  applied  to  grass-land  which  has 
been  grazed,  for  every  20*.  cost,  12*.  after  one  year,  4*.  after  two, 
but  nothing  after  three  years  should  be  allowed.  If  applied  to 
grass-land,  and  hay  have  been  taken  and  consumed,  10*.  after 
one  year,  2*.  after  two  years,  and  nothing  after  three  years.  If 
hay  have  been  sold,  nothing  should  be  claimed. 

No  compensation  should  be  claimed  for  the  unexhausted  residue 
of  superphosphate,  whenever  a  second  crop  of  any  kind  has  been 
taken  since  the  application,  excepting  com  after  roots,  grass 
grazed,  or  hay  consumed,  as  above  specified. 

8.  Guano,  in  its  Natubal  State,  or  Manupactuked. 

Under  the  existing  conditions  of  the  Peruvian  guano  trade  it 
is  impossible  to  speak  with  any  certainty,  even  as  to  the  value 
of  guano  as  a  direct  manure.  It  must  therefore  be  more  difficult 
still  to  speak  definitely  as  to  the  value  of  the  residue  it  may 
leave  in  the  soil  after  the  removal  of  a  crop. 

At  one  time  the  farmer  could  calculate  upon  receiving  guano 
containing  nitrogen  equal  to  16  per  cent,  of  ammonia;  more 
recently  he  had  to  be  satisfied  with  14  per  cent.;  and  more 
recently  still,  not  only  a  lower  average  per  cent,  than  this,  but 
great  uncertainty  whether  he  would  receive  that  amount,  half  as 
much,  or  even  less. 

The  present  agents  for  the  sale  of  Peruvian  g^no  in  this 
country  have,  however,  quite  recently  informed  me,  that,  during 
the  time  the  agency  has  been  in  their  hands,  their  importations 
have  averaged  nearer  13  than  12  per  cent,  of  ammonia,  and  that 
cargoes  analysing  anything  below  12  per  cent,  have  been  quite 
the  exception.  Such  guano,  in  its  natural  state,  will  probably 
also  contain  from  25  to  30  per  cent,  of  phosphates.  But  some 
they  mix  with  sulphuric  acid,  and  manufacture  it  into  a  sub- 
stance of  uniform  quality  containing  nitrogen  equal  to  about 
10  per  cent,  of  ammonia,  superphosphate  equal  to  about  20  per 
cent,  of  phosphate  rendered  soluble,  and  only  about  4  per  cent. 
of  phosphates  left  undissolved. 
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Such  a  manufactared  guano  would  rank  in  a  position  inter- 
mediate between  the  more  highly  or  purely  nitrogenous  manures 
(such  as  nitrate  of  soda  and  sulphate  of  ammonia)  on  the  one 
hand,  and  a  superphosphate  of  lime  on  the  other ;  or  rather,  it 
woald  be  equivalent  to  a  mixture  of  the  two. 

Other«manure-dealers  also  prepare  ^'  dissolved  guano,"  but  of 
rerj  varying  composition. 

From  what  has  been  said  in  regard  to  the  action,  and  the 
Talae,  of  different  descriptions  of  manure,  it  will  be  readily 
onderstood  that  the  value  of  guano  will  depend  very  greatly 
Vffm  the  percentage  of  nitrogen  it  contains.  The  nitrogen 
m  guano,  whether  ''  dissolved  "  or  not,  should  be  valued  at  the 
lite  for  the  time  of  that  in  nitrate  of  soda,  or  sulphate  of 
unmonia. 

If  the  guano  be  ^^  dissolved "  by  admixture  with  sulphuric 
acid,  the  value  of  the  phosphates  rendered  soluble  may  be 
reckoned  as  the  same  as  that  in  superphosphate  of  lime,  but  if 
not  dissolved  at  only  two-thirds  as  much. 

Thus  it  will  be  obvious  that  the  mere  price  paid  for  guano 
cianot  be  accepted  as  the  basis  upon  which  to  calculate  the 
Tiloe  of  its  unexhausted  residue  after  it  has  yielded  a  crop.  It 
is  essential  for  the  establishment  of  a  claim  for  compensation 
that  the  composition  of  the  guano  should  be  known,  and  its 
ictoal  value  calculated,  according  to  the  amount  of  ammonia  it 
oootains  or  yields,  the  amount  and  condition  of  its  phosphates, 
the  price  of  ammonia  in  sulphate  of  ammonia,  and  that  of 
lolable  phosphate  in  superphosphate. 

If  the  guano  have  been  acted  upon  by  sulphuric  acid,  both  its 
nitrogen  and  its  phosphates  will*  probably  be  more  effective  on  the 
first  crop,  and  leave,  therefore,  the  less  for  succeeding  crops,  than 
if  it  were  used  in  its  natural  state.  But  the  difference  would  not 
be  either  sufficiently  great,  or  sufficiently  uniform  on  various 
soils  and  in  various  seasons,  to  justify  a  difference  in  the  scale  of 
^nation  of  the  unexhausted  residue. 

If  guano,  whether  dissolved  or  not,  have  been  used  for  roots 
consumed  upon  the  farm,  and  the  manure  so  produced  has  not 
jielded  a  crop,  lbs.  for  20^.  estimated  value  of  the  guano  may 
be  allowed  if  the  roots  be  consumed  on  the  land,  or  14«.  if  in  the 
7^.  If  the  manure  produced  from  the  roots  have  yielded  a 
^'om-crop,  the  corn  being  sold  and  the  straw  left,  4ts,  for  20s, 
valae  of  the  guano  should  be  allowed  ;  if  a  second  corn-crop 
have  been  taken,  1^.;  or  if,  instead  of  a  second  corn-crop,  grass 
or  hay  be  grown  and  consumed,  2s. 

If  guano,  whether  dissolved  or  not,  have  been  directly  applied 
^r  a  corn-crop,  the  grain  sold,  and  the  straw  left,  6s.  for  20s. 
▼alue  of  the  guano  might  be  awarded.     If  after  one  cotu-ctoi^^ 
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grass  or  hay  be  grown  and  consumed  on  the  farm,  1^.  may  be 
allowed ;  but  if  a  second  corn-crop  be  taken,  or  hay  be  cut  and 
sold,  no  claim  for  compensation  should  be  admitted. 

If  guano  be  applied  to  grass-land,  16^.  for  20^.  estimated 
original  value  may  be  allowed  after  one  year,  \0s,  after  two 
years,  and  2s.  after  three  years,  if  the  produce  be  only  grazed ; 
if  it  be  made  into  hay  which  is  consumed,  14^.  after  one  year, 
8^.  after  two  years,  and  \s.  after  three  years  ;  or  if  a  crop  of  hay 
be  taken  and  sold,  only  2^.  should  be  allowed. 

9.  Other  Manures  op  more  or  less  unknown  Composition. 

Under  this  head  may  be  included — special  grass-manures, 
corn  -  manures,  root- manures,  or  other  compound  artificial 
manures;  also  dried  blood,  shoddy,  Kainit,  ashes,  night-soil, 
soot,  other  town-manures,  sea-weed,  fish,  and  some  other  refuse- 
matters. 

As  in  the  case  of  guano,  so  in  that  of  each  of  the  above 
manures,  the  mere  price  paid  for  it  cannot  be  accepted  as  the 
measure  of  its  value.  If  any  claim  for  compensation  for  the 
unexhausted  residue  of  such  manures  is  to  be  made,  it  is  abso- 
lutely essential  that  the  composition  of  the  manure  used  should 
be  known. 

It  is  obviously  requisite  that  any  Act  by  which  power  is  given 
to  an  outgoing  tenant  to  claim  compensation  for  unexhausted 
manures  should  give  the  person  subject  to  such  claim  power  to 
ascertain  the  composition  and  value  of  the  manures  in  respect 
to  which  the  claim  is  made.  In  all  cases,  therefore,  in  which 
it  is  intended  to  put  in  such  a  claim,  the  person  making  it  should 
be  required  to  give  notice  to  the  landlord  that  he  is  about  to 
use  certain  manures,  from  which  he  may  have  samples  taken 
for  analysis  if  he  desire  it. 

Professor  Voelcker  in  England,  the  late  Professor  Anderson  in 
Scotland,  and  Professor  Cameron  in  Ireland,  have  from  time  to  time 
drawn  attention  to  the  numerous  frauds  committed  upon  tenant- 
farmers  by  the  sale  of  spurious  manures  ;  and  if  a  purchaser  do 
not  take  the  trouble  to  protect  himself  from  fraud  when  his  own 
interest  alone  is  concerned,  he  is  little  likely  to  do  so  if,  by 
afterwards  claiming  compensation  based  upon  the  amount  of 
hit  outlay,  he  can  shift  a  portion  of  the  loss  upon  some  one 
else. 

The  value  of  a  manure  of  this  class  will  depend  almost  ex- 
clusively on  the  quantity,  and  the  condition,  of  die  nitrogen  and 
of  the  phosphates,  and  in  the  case  of  Kainit  of  the  potass,  which 
it  contains. 

Special  gnasy  com,  root,  or  other  compound  manoves,  will 
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sometimes  contain  their  nitrogen  as  sulphate  of  ammonia,  but 
faequentlj  in  the  form  of  shoddy,  or  other  nitrogenous  organic 
matter.     If  the  nitrogen  exists  as  sulphate  of  ammonia  it  should 
be  valued  at  the  same  rate  as  in  that  substance.     The  nitrogen 
in  shoddy,  and  in  most  other  nitrogenous  organic  inatters  used 
as  manure,  is,  however,  much  more  slowly  effective  than  that  in 
nitrate  of  soda,  sulphate  of  ammonia,  or  guano.     As  a  rule, 
therefore,  the  nitrogen  of  manures  which  exists  as  nitrogenous 
organic  matter  should  be  valued  at  only  from  one-half  to  two- 
thirds  the  price  of  that  in  nitrate  of  soda,  sulphate  of  ammonia, 
or  guano. 

A  given  quantity  of  nitrogen  in  nitrogenous  organic  matter 
being  less  rapidly  effective,  and  probably  less  liable  to  loss  by 
drainage  also,  than  that  in  nitrate  of  soda,  sulphate  of  ammonia, 
or  goano,  will   of  course  leave    proportionally  more  for  suc- 
ceeding crops.     The  result  will,  however,  be  so  dependent  on 
the  description  of  the  organic  matter  employed,  the  kind  of  soil 
to  which  it  is  applied,  the  characters  of  the  seasons,  and  other 
arcamstances,  and  the  residue  itself  would,  in  some  cases,  be  so 
ilowljr  available,    that,   practically    speaking,   the  unexhausted 
leudne  from    nitrogenous  organic   matter  applied  as    manure 
cuuot  be  taken  at  a  higher  value  in  proportion  to  the  original 
ntloe  of  the  manure  settled  as  above,  than  in  the  case  of  the  more 
npidly  active  nitrogenous  manures. 

The  phosphate  of  manures  of  this  class,  if  in  the  state  of 
SQperphosphate,  should  be  valued  as  in  superphosphate. 

The  following  scale  of  compensation  for  unexhausted  residue 
ought  be  adopted  when  any  of  these  compound  artificial  manures 
Me  used. 

When  applied  to  grass,  and  the  produce  has  been  only  grazed, 
14f.  for  2O5.  original  value  of  the  manure,  calculated  as  above, 
inaj  be  allowed  after  the  first  season,  65.  after  the  second,  but 
oozing  after  the  third.  If  hay  be  taken  and  consumed  on  the 
^vm,  the  allowance  may  be  13^.  after  the  first  year,  and  4^.  after 
4e  second  year ;  but  if  the  hay  have  been  sold,  only  2*.  should  be 
allowed. 

When  applied  for  a  corn-crop,  the  com  being  sold  and  the 
<^w  left,  6«.  for  20^.  estimated  value  of  the  manure  should  be 
allowed.  If  a  second  corn-crop  be  taken  no  allowance  should 
^  made ;  but  if,  instead  of  a  second  corn-crop,  grass  or  hay  be 
P^yra  and  consumed,  \s,  may  be  allowed. 

When  applied  for  a  root-crop,  the  roots  consumed  upon  the 
wn,  and  the  manure  so  produced  have  not  yielded  a  crop,  12«, 
w  20«.  of  the  value  of  the  manure  may  be  allowed  if  the  roots 
^  consumed  on  the  land,  or  only  IO5.  if  consumed  in  the  yards. 
"  a  corn-crop  has  been  grown  by  the  manure  of  the  coTV«vxm^ 
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roots,  the  grain  sold,  and  the  straw  left  on  the  farm,  2«.  for  20^. 
of  the  estimated  value  of  the  manure  should  be  allowed. 

Special  potass-manures,  such  as  Kainit,  are  only  profitable 
under  such  exceptional  circumstances  as  to  soil  and  cropping, 
that  no  special  rule  can  be  given  for  the  valuation  of  the  unex- 
hausted residue  from  their  use ;  and  before  any  claim  could 
be  admitted,  evidence  of  their  utility  on  the  farm  in  question 
should  be  required.  When  such  utility  is  proved,  the  same  pn>- 
portion  of  the  original  market-value,  founded  on  composition, 
might  be  allowed,  under  the  same  circumstances  as  to  cropping, 
&c.,  as  in  the  case  of  a  mineral  superphosphate. 

In  the  case  of  any  compound  or  refuse  artificial  manure,  con- 
taining very  little  nitrogen,  but  a  fair  amount  of  soluble  phos- 
phates, the  same  proportion  of  the  estimated  value  of  the  manure 
may  be  allowed  for  unexhausted  residue  as  if  it  were  a  super- 
phosphate. But  if  it  contain  very  little  of  either  nitrogen  or 
soluble  phosphates,  no  allowance  whatever  should  be  made  for 
its  use ;  excepting  in  the  case  of  a  potass-manure  under  the  con- 
ditions above  defined. 

The  foregoing  remarks  as  to  the  circumstances  to  be  taken 
into  consideration  in  valuing  the  unexhausted  residue  of  the 
various  compound  or  refuse  artificial  manures  of  more  or  less 
unknown  or  uncertain  composition,  and  the  scales  of  compensa- 
tion which  have  been  suggested,  will,  it  is  hoped,  serve  as  some 
guide  to  those  who  may  have  to  adjudicate  on  claims  made  in 
relation  to  such  manures.  At  the  same  time,  it  will  be  obvious 
that,  owing  to  the  great  difference  in  the  composition  and  value  of 
such  manures,  no  absolute  rules  can  be  laid  down  for  the  estima- 
tion of  the  value  of  any  residue  they  may  leave  in  the  soil. 

10.  Liming,  Chalking,  Marling,  &c. 

Liming,  chalking,  and  marling,  are  practices  so  far  from 
being  generally  required,  or  generally  adopted,  in  agriculture, 
and  their  cost  and  value  are  so  dependent  on  local  circum- 
stances, that  no  general  rules  can  be  laid  down  for  the  valua- 
tion of  their  unexhausted  effects.  Still,  where  beneficially 
adopted,  they  would  undoubtedly  be  fair  subjects  for  compen- 
sation if  the  benefits  were  not  unexhausted  at  the  time  of  the 
tenant  quitting  his  holding.  If  disputed,  any  claim  should  be 
settled  upon  the  evidence,  or  might  appropriately  be  submitted 
to  the  arbitration,  of  intelligent  and  disinterested  persons  of  local 
practical  experience. 

Such,  then,  are  the  results  of  an  attempt,  very  carefully  made, 
to  coDstract  a  scale  of  valuation  of  the  unexhanated  residue  of 
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previously-applied  manures  which  have  already  yielded  a  crop. 
It  will  be  observed  that  a  fundamental  principle  of  the  valuation 
is  to  take  as  the  original  value  of  the  manure  not  its  cost^price^ 
but   its   properly  ascertained  manure-value.     Further,   the   de- 
scription of  the  crop  or  crops  grown  since  the  application  of  the 
manure,  and  whether  the  produce  has  been  consumed  or  sold,  have 
carefully  been  taken  into  account.     But  even  supposing  the  esti- 
mates arrived  at  should  be  admitted  or  found  to  be  in  application 
is  lair  as,  or  fairer  than,  others  in  the  majority  of  cases,  it  is  freely 
granted  that  they  might  require  very  considerable  modification, 
according  to  the  cleanliness  or  foulness  of  the  land,  the  lightness 
or  heaviness  of  the  soil,  the  dryness  or  wetness  of  the  locality  or 
of  the  particular  seasons,  and  other  circumstances.     It  is  further 
granted  that  existing  knowledge  would  not  justify  an  attempt  to 
take  these  essentially  fluctuating  conditions  into  numerical  cal- 
culation, and  to  frame  a  sliding  scale  of  allowances  accordingly, 
lodeed,  whatever  basis  or  scale  of  valuation  may  be  accepted  as 
Dpon  the  whole  the  best,  considerable  latitMe  in  its  application 
must  be  allowed  to  those  who  may  have  the  responsibility  of 
making  the  award  in  individual  cases. 

The  results  of  the  valuation  of  the  unexhausted  residue  of 
manures  founded  on  their  original  manure-valu£j  which  have 
feen  considered  in  detail  in  the  foregoing  pages,  are,  for  the 
conyenience  of  easy  reference  and  comparison,  brought  together 
m  one  view  in  Table  II.  overleaf. 
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Section  II. — Allowances  according  to  the  Established  Custom  Oj 

different  Counties  and  Districts. 

The  Committee  on  "  Unexhausted  Improvements  '*  appointee 
bj  the  Council  of  the  ^'  Central  and  Associated  Chambers  o; 
Agriculture"  have  sought  to  collect,  and  put  on  record,  th( 
particulars  of  the  allowances  recognised  in  different  counties  anc 
districts  for  a  great  variety  of  feeding^stuffs  and  manures.  Theii 
schedules  are  arranged  for  returns  relating  to  linseed-cake 
cotton-cake, 'other  purchased  feeding-stuffs,  guano,  nitrate  o 
soda,  sulphate  of  ammonia,  nitro-phosphate  or  blood-manure 
special  concentrated  manures,  bone-dust,  superphosphate  o 
lime,  Kainit,  ashes,  night-soil,  town-manure,  rape-cake,  soot 
sea-weed,  fish,  and  ''  other  fertilisers  unenumerated."  In  thei 
Report,  dated  June  2,  1874,  they  state  that  they  have  receivec 
returns  from  55  districts  ;  extending  from  the  most  northen 
to  the  most  southern,  and  from  the  most  eastern  to  the  mos 
western  limits  of  England.  The  allowances  vary  accordingly  a 
the  purchased  food  is  consumed  in  the  yards  or  buildings,  oi 
pasture  land,  or  on  arable  land ;  or  accordingly  as  the  manure  i 
applied  to  root  or  green-crops  consumed  on  the  farm,  to  com 
crops,  the  straw  being  left  for  consumption,  hay-crops  consumer 
on  the  farm,  or  to  pasture ;  and  accordingly,  also,  as  the  food  o 
manure  was  employed  in  the  last  year,  or  the  last  year  but  one 
of  the  tenancy. 

In  all  cases  the  allowance  is  expressed  as  a  certain  proportion 
of  tJie  "  original  value "  of  the  purchased  feeding-stuff  o 
manure  ;  ^^  original  value  ^  meaning,  it  would  appear,  origins 
cost  of  the  article. 

It  is  understood  that  in  some  of  the  most  important  of  th 
agricultural  districts  to  which  the  returns  refer,  the  scale  of  com 
pensation  has  been  settled  by  the  mutual  consent  of  outgoiuj 
and  incoming  tenants ;  and  some  of  the  advocates  of  compul 
sory  compensation  seem  anxious  that  certain  of  the  customs  ii 
question  should  be  extended  to  all  parts  of  England.  It  seem 
very  desirable,  therefore,  that  the  basis  of  a  few  of  the  most  im 
portant  of  the  recognised  allowances  should  be  carefully  con 
sidered,  and  their  results  compared  with  those  arrived  at  b 
other  methods  of  valuation. 

In  the  most  important  districts  in  which  such  customs  are  i: 
force,  and  which  are  supposed  to  supply  the  best  examples  fc 
application  to  other  localities,  it  so  happens  that  there  exists 
very  rigid,  or  scarcely  varying,  rotation  of  crops,  and  that  littl 
else  tlmn  one  or  two  standard  feeding-stuffs,  and  one  or  tw 
standAxd  manures,  are  used.  Supposing,  therefore,  the  basis  c 
the  allowancea  prevailing  in  those  distxicts  Nveie  V^  V^  ^doi^te 
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for  the  country  at  large,  the  list,  and  the  conditions,  would 
have  to  be  g^reatlj  enlarged  if  the  .requirements  of  the  farming 
under  the  great  variety  of  rotations,  and  with  the  great  variety 
of  foods  and  manures  employed,  in  other  districts,  are  to  be  pro- 
rided  for. 

Of  the  returns  in  question.  Schedule  1,  Form  B,  apparently  in 
an  incomplete  state,  is  the  only  one  I  have  been  able  to  obtain. 
From  it  I  find  that  in  Lincolnshire,  and  in  some  other  districts, 
the  allowance  for  purchased  feeding-stuffs  is  one-half  the  ori- 
ginil  value  of  the  quantity  consumed  by  the  outgoing  tenant 
dnring  the  last  year  of  his  occupancy,  a  condition  being  that  that 
quantity  be  not  excessive ;  and  it  is  the  same  whether  the  food 
hare  been  consumed  in  the  yards,  on  pasture,  or  on  arable  land. 

The  following  Table  shows,  in  parallel  columns,  the  present 
pice  per  ton  of  some  staple  feeding-stuffs,  and  the  allowance  to 
the  outgoing  tenant  for  its  consumption,  according  to  the  customs 
Rferred  to,  founded  on  ^^  original  value "  or  cost.  By  the  side 
of  these  is  also  shown  the  allowance  that  would  be  made 
according  to  the  scale  of  valuation  laid  down  in  the  foregoing 
Section  (L) ;  in  the  construction  of  which  the  original  manure- 
^'0^  of  the  feeding-stuff  after  consumption,  as  given  in  the 
Table  at  page  13,  is  adopted  as  the  bksis,  and  it  is  assumed 
4at  the  quantity  of  the  feeding-stuff  accepted  as  the  year's  con- 
(omption  is  the  average  amount  of  two,  three,  or  more  years,  as 
the  case  may  be,  and  the  allowance  is  made  on  a  declining  scale 
from  jear  to  year,  according  to  the  crop  grown,  &c.,  as  already 
Wl^r  explained. 


Cotbm.cake,de-j 


One  Ton  of  Food  Consumed  feb  Annum. 


**  Original  ▼atae* 

or 
ParcbasiDg  Price. 


£     8.  d. 

10  10  0 

12  10  0 

9  10  0 


Allowance 

aooordingio 

Linoolnahlre 

Costom; 

half  One  Year's 

Ccmaomptioa. 


£     8.  d. 

5  5  0 

6  5  0 
4  15  0 


Allowanoe 
according  to 

Mannre-vaine ; 

on  Three  Years' 
CoQsnmptlon. 


Allowance 

by  -  CuBtom  " 

more  (+),  or  lest  (— )  , 

than  by 

**  Manure-value." 


£     8.    d. 
8    5    9 

5  17  11 
2    2    1 


£    8.  d, 
-3    0    9 

+  0    7    1 
+  2  12  11 


Although,  according  to  the  Lincolnshire  custom,  the  allow- 
^^^  is  half  the  original  value  of  the  last,  or  one  year's  con- 
*^ption  only,  it  is  a  condition  that  the  quantity  claimed  upon 
•kali  only  be  a  fair  average  of  the  consumption  o(  lYiiee  'j^w^*, 
^  ^t,  in  point  of  fact,  the  allowance,  thougli  oii\y  "potV.  oi  ot« 
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year's  consumption,  is,  as  in  the  case  of  my  own  scale,  arranged 
to  compensate  for  more  than  the  consumption  of  the  last  year 
alone.  In  the  case  of  my  own  scale,  17*.  is  allowed  for  every 
20#.  of  original  "  manurc'value  ^  of  the  food  if  consumed  on  the 
land  during  the  last  year,  and  16s.  if  consumed  in  the  yards ; 
and,  in  the  example  given  in  the  Table,  it  is  supposed  that  half 
is  consumed  on  the  land,  and  half  in  the  yards ;  7s.  in  20*.  is 
allowed  for  the  amount  consumed  with  roots  in  the  last  year  but 
one,  followed  by  a  corn-crop ;  and  2s.  for  the  amount  consumed 
in  the  last  year  but  two,  followed  by  corn,  and  this  by  grass 
or  hay  consumed. 

Of  all  purchased  feeding-stuffs,  linseed-cake  is  the  one  in 
the  use  of  which  farmers  have  the  greatest  experience,  and  the 
feeding  and  manure-value  of  which  are  therefore  the  best  under- 
stood. It  will  be  seen  that  the  allowance  for  it  is,  according 
to  the  Lincolnshire  custom,  nearly  the  same  as  according  to 
my  more  elaborate  scale ;  and  the  agreement  would  be  nearer 
still,  if  it  were  not  that  the  cost  of  the  cake  is  taken  at  the 
present  exceptionally  high  price. 

It  is,  however,  when  we  come  to  other  purchased  feeding- 
stuffs,  the  feeding  and  manure-value  of  which  is  less  understood, 
but  in  respect  to  which  the  allowance  for  compensation  is,  like 
that  for  linseed-cake,  also  based  upon  original  cost,  that  we  find 
very  wide  differences  between  the  allowance  according  to  the 
**  customs,"  and  according  to  manure-value.  Thus,  in  the  case 
of  decorticated  cotton-cake,  which  has  not  only  the  highest 
manure-value  of  any  of  the  articles  enumerated  in  the  Table  at 
page  13,  but  has  also  a  very  high  manure-value  in  proportion  to 
the  purchasing  price  of  the  food,  my  estimate  of  unexhausted 
residue,  founded  on  manure-value,  is  very  much  higher  than  that 
which  would  be  allowed  by  the  Lincolnshire  custom.  In  the 
case  of  wheat,  on  the  other  hand,  which  has  a  very  low  manure- 
value,  both  actually  and  relatively  to  purchasing  price,  the 
allowance  founded  on  manure-value  would  be  considerably  less 
than  half  that  according  to  the  Lincolnshire  custom,  founded  on 
original  cost. 

These  few  examples  are  sufficient  to  show  how  entirely  fal- 
lacious it  is  to  assume  that  the  manure-value  of  a  food,  whatever 
may  be  its  composition,  bears  a  fixed  proportion  to  its  original 
cost  It  may,  perhaps,  be  answered  that  my  own  estimates  are 
erroneous ;  and  certainly  I  do  not  intend  to  claim  for  them  infal- 
libility, but  only  that  they  are  carefully  made,  with  due  regard 
to  such  knowledge  as  at  present  exists  bearing  upon  the  subject. 

But  let  us  test  the  question  in  another  way.  Wheat  is  much 
used  for  feeding  at  the  present  time,  and  the  purchasing  price 
of  feeding  qualities  may  be  taken  at  9/.  10*.  per  ton.     On  the 

umption  that  the  manure-value  o(  any-lLccd\ti^-«X\]LS  v&o\\^VmiI( 
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its  purchasing  price,  that  of  a  ton  of  wheat  after  consumption 
would  be  4/.  155.  Now,  the  manure-value  of  consumed  food 
may  be  said  to  depend  almost  exclusively  on  the  amount  of 
nitrogen,  phosphoric  acid,  and  potass,  contributed  to  the  manure  ; 
and  the  quantity  of  these  constituents  yielded  by  the  consump- 
tion of  a  ton  of  wheat  would  be,  in  round  numbers : — 

lbs. 
Kitrogen 34 

FhoB^oric  acid,  reckoned  as  phosphate  of  lime 7      ..      ..     40 

Potass 11 

These  manurial  constituents  could  be  purchased  at  the  present 
time  as  follows : — 

£    8,  d. 

Mlba.  nitrogen,  in  220  lbs.  nitrate  of  soda,  at  14s.  per  cwt. ..     17  6 

iO  lbs.  phosphate  of  lime  (soluble),  in  154  lbs.  superphosphate,)  a    7  p 

at5i.6d.  percwt. ^u     1  o 

11  lbs.  potass  in  22  lbs.  sulphate  of  potass,  at  16s.  per  cwt.  ..     0    3  2 

£1  18    2 

Thus,  then,  if  wheat  had  been  consumed,  and  compensation 
were  allowed  at  the  rate  of  one-half  the  original  cost  of  the  year's 
consamption,  the  incoming  tenant  would  have  to  pay  nearly  3Z. 
more  for  each  ton  of  wheat  so  used  by  his  predecessor  than  the 
constituents  he  received  in  the  manure  could  be  purchased  for 
iD  artificial  manures.  Not  only  so,  the  animal-manure  would 
^  subject  to  an  unknown  loss  by  winter  rains,  and  would  be 
less  rapidly  active  than  the  same  constituents  applied  in  artificial 
manures  in  the  spring. 

Further,  the  allowances  according  to  "  Custom "  vary  very 
much  in  different  localities,  and  even  in  closely-contiguous 
^li^tricts.  Thus,  within  the  limits  of  the  West  Riding  of  York- 
«^ire,  in  one  district  the  allowance  on  the  last  year's  consump- 
^<»i  is  one-half  or  one-third  of  the  original  value  of  the  food, 
according  to  the  description  of  the  cake,  or  the  conditions  under 
^Uch  it  has  been  consumed ;  and,  for  the  last  year  but  one,  one- 
lourth  the  original  value  in  all  cases.  In  another  district  the 
wlowance  is,  for  the  last  year  one-fourth,  and  for  the  last  year 
"W  one  one-eighth,  under  all  conditions.  In  a  third,  it  is  for 
we  last  year  one-third,  and  for  the  last  year  but  one,  nothing. 

In  South  Staffordshire  the  allowance  for  linseed  or  cotton-cake 
^^nsumed  is,  for  the  quantity  used  during  the  last  year  of  the 
^nancy,  two-thirds,  and  for  that  used  during  the  last  year  but 
®^e,  one-third,  of  the  original  value  of  the  food.  Supposing  the 
^^tgoing  tenant  consumed  1  ton  of  linseed-cake  annually  upon 
^}^  turnip-crop,  followed  by  barley,  he  would  receive  compensa- 
tion, according  to  the  custom  of  South  Staffordshire,  founded  on 
^ginal  value  or  cost^  and  according  to  my  estimates,  fouwded 
^^  ^"^miTfi-^a/u^,  respectively^  as  follows :  — 
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Aooording  to  Sonth  Stafifoidshire  ctustom — 

£    8,   d, 
1  ton  linseed  cake,  last  year,  two-thirds  cost,  at)  o    o    q 

12Z.10S ^8    6    8 

1  ton  linseed  cake,  last  year  but  one,  one-third 

cost,  at  122.  lOs 


£    8,   d. 


4    3    4 


12  10    0 


According  to  niy  estimate  of  manure-value — 

1  ton  linseed  cake,  last  year,  consumed  with  roots)  »  i  o  o 

on  land         ..      ..      I |  3  18  8 

1  ton  linseed  cake,  last  year  but  one,  fed  with  roots  i  i  o  4 

on  land,  followed  by  barley        J 

1  ton  linseed  cake,  last  year  but  two,  fed  with 

roots  on  land,  followed  by  barley,  and  by  grass  >  0    9  3 

or  hay  consumed         .,      j 


Difference 


•  •  ■ 


6    0    3 
.£699 


Here,  then,  for  eyerj  ton  of  linseed-cake  annually  consumed  by 
his  predecessor  during  the  last  years  of  bis  occupancy  the  in- 
coming tenant  would,  according  to  the  South  Staffordsbire  custom, 
have  to  pay  6/.  9^.  9d.  more  than  according  to  tbe  estimate 
founded  on  manure-value,  in  fact  more  than  twice  as  mucb. 

In  tbe  following  Table  are  compared  tbe  compensation  tbat 
would  be  allotted  according  to  tbe  Lincolnshire  custom,  founded 
on  original  cost,  and  according  to  my  estimates  founded  on  com- 
position or  manure-value,  for  guano  containing  nitrogen  equal 
to  13  per  cent,  ammonia,  for  guano  containing  nitrogen  equsLi  to 
6*5  per  cent,  ammonia,  for  nitrate  of  soda  containing  nitrogen 
equal  to  19  per  cent,  ammonia,  for  sulpbate  of  ammonia  con- 


Guano  containing  nitrogen) 
=  13  per  cent,  ammonia . .  / 

Quono  containing  nitrogen) 
=  6*5  per  cent  ammonia.  / 

Nitrate  of  soda  containing  | 
nitrogen  =  19  per  oent.> 
nmmnnia | 

Sulphate  of  ammonia  con-| 
taining  24  per  cent  of> 
ammonia ) 

Superphosphate  of  lime  oon-j 
taimng  26  per  cent  solu-j 
bleplMsphate 


One  Tok  used  pes  Aitnum  fob  Boots  oohsumed. 


Orlgijud  Yftloo, 

or 

Pnrd)«aiiig  Price. 


Allowance 

aocordlngto 

LlocolDSbire 

Custom. 


£    8,    d. 
18    0    0 


18  10    0 


5  10    0 


£    8.    d, 
13    0    0 


13    0    0      '  13    0    0 


14    0    0        14    0    0 


18  10    0 


5  10    0 


Allowance 

according  to 

scale  at 

Page  26. 


£     8.  d. 

9  15  0 

4  17  6 

10  10  0 

18  17  6 

2  15  0 


Custom  allowance 

moTe(^) 
than  aooording  to 
scale  at  IHige  96. 


£     0.  d. 

+3     5  0 

+8    2  6 

+3  10  0 

+4  12  6 

+2  15  0 
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taining  24  per  cent,  ammonia,  and  for  superphosphate  of  lime 
containing  26  per  cent,  phosphate  rendered  soluble.  Each  is 
sopposed  to  be  applied  for  a  rootK^rop  consumed  by  the  out- 
going tenant  during  the  last  jear  of  his  occupancy. 

Again,  in  regard  to  manures^  as  to  many  feeding-stuffs,  the 
compensation  for  unexhausted  residue  is  much  higher  according 
to  the  Lincolnshire  custom  than  according  to  my  estimates.  The 
illustration  given  of  guano  supposed  to  contain  13  per  cent.,  or 
only  6'5  per  cent,  of  ammonia  respectively,  each  bought  at  the 
uniform  price  of  13/.  per  ton,  shows  how  fallacious  is  the  estimate 
of  unexhausted  value  founded  on  original  cost,  instead  of  on 
composition. 

The  examples  givcLi  in  respect  to  both  feeding-stuffs  and 
m&Dures,  of  die  great  and  variable  difference  in  the  amount  of 
compensation  that  would  be  awarded  for  unexhausted  residue 
uxxding  to  the  customs  of  large  agricultural  districts  on  the  one 
lumd,  and  on  the  basis  of  valuation  according  to  composition  on 
tbe  other,  are,  to  say  the  least,  very  striking.  Little  doubt  can 
be  entertained,  that  much  better  evidence  of  their  fairness  and 
feoeral  applicability  than  at  present  exists  would  be  required 
More  attempting  to  apply  the  scale  of  allowances  adopted  in 
fecial  agricultural  districts  to  the  country  at  large. 

I  am  quite  willing  to  g^ant  that  wide  differences  exist  between 
the  soil,  climate,  and  other  conditions  of  the  agriculture  of  other 
(listricts,  compared  with  those  of  my  own  farm.  Indeed,  although 
I  cannot  admit  that  the  experimental  results  obtained  at  Rotham- 
*^  afford  no  data  upon  which,  with  care  and  judgment,  im- 
portant general  conclusions  applicable  to  other  and  different 
conditions  may  be  founded,  yet  I  have  already  said  that,  even 
I^Pposing  the  basis  upon  which  my  own  estimates  of  compensa- 
^on  are  arranged  were  adopted,  the  exact  scale  of  allowances 
°>^ght  require  considerable  modification,  according  to*  the 
characters  of  the  soil,  of  the  climate,  of  the  individual  seasons, 
^  other  circumstances. 

'^  will,  perhaps,  be  said  that  so  long  as  both  parties  interested 
*8^  to  accept  terms  of  compensation,  which,  whether  fair  or 
°^^  those  subject  to  them  may  at  some  future  time  in  their  turn 
^^^  no  great  harm  is  done.  But  in  the  event  of  a  system  of 
compulsory  compensation  being  adopted,  proof  of  the  value  of 
^c  unexhausted  residue  of  feeding-stuffs  and  manures  will  be 
fl^ired  of  the  claimant ;  and  I  would  ask — where  are  the  scien- 
ce witnesses,  having  characters  to  lose,  who  would  assert  that 
^"®  ^exhausted  residue  from  all  purchased  feeding-stuffs  and 
'^'^ures  may  be  valued  on  the  basis  of  the  original  value  or 
piirchasing  price  of  the  article  ? 
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Section  III. — Estimation  of  Compensation  for  the  Unexhausted 
Residue  of  purchased  (or  saleable)  Feeding^stuffs  and  Manures^ 
by  the  Valuation  of  what  is  above  ground,  and  has  a  recognised 
and  easily-ascertainable  Money-value. 

I  freely  admit  that  the  tenant  farmer  has  an  equitable  claim 
for  compensation  for  the  unexhausted  manures  he  leaves  in  the 
soil  when  he  quits  his  holding.  But  I  think  anyone  who  has 
carefully  considered  the  schemes  of  compensation  discussed  in 
either  of  the  foregoing  Sections  (I.  and  II.)  of  this  Paper  will 
agree  with  me  that,  even  with  the  best  intention,  and  calling  to 
our  aid  all  the  knowledge,  both  practical  and  scientific,  which 
we  at  present  possess  bearing  upon  the  subject,  it  would  be  a 
matter  of  very  great  difficulty  to  lay  down  rules  which  shall  be 
generally  applicable  for  the  estimation  of  the  productive,  and 
consequently  of  the  money-value  of  the  unexhausted  residue  of 
manures  which  have  previously  been  applied  to  the  soil,  and 
have  already  yielded  a  crop. 

The  results  of  direct  experiments  have  «hown  that  some 
important  constituents  of  manure  either  leave  little  or  no  unex- 
hausted residue  in  the  land  after  the  first  crop,  or  leave  it  so 
combined  within  the  soil,  or  so  distributed  throughout  it,  that 
it  produces  little  or  no  appreciable  effect  on  succeeding  crops. 
Some  manures,  on  the  other  hand,  produce  marked  effects  for 
several  years  after  their  application.  It  is  obvious,  therefore, 
that  it  would  require  a  very  complicated  sliding-scale  to  enable 
us  to  estimate  the  value  of  constituents  already  under  ground 
under  the  very  varying  conditions  that  would  arise,  as  to  the 
description  apd  the  amount  of  the  manure  employed,  the  cha- 
racters of  the  soil  and  subsoil,  the  dryness  or  wetness  of  the 
particular  locality  or  of  particular  seasons,  the  description  of 
crop  grown,  the  cleanliness  or  foulness  of  the  land,  and  so  on. 

It  seems  extremely  desirable,  therefore,  that  every  attempt 
should  be  made  to  arrive  at  some  mode  of  estimating  the  com- 
*  pensation  due  to  an  outgoing  tenant  for  his  unexhausted 
manures  founded  on  the  valuation  of  what  is  above  ground,  the 
amount  and  the  value  of  which  can  be  easily  ascertained,  rather 
than  to  leave  his  claims  to  be  settled  by  the  conflicts  of  practice 
and  science  in  Courts  of  Law.  Tenant-farmers  would  find  an 
Act  for  compulsory  compensation  dearly  bought  on  such  terms. 

In  my  Paper  read  before  the  London  Farmers'  Club,  in  April, 
1870,  I  made  some  suggestions  with  a  view  of  estimating  com- 
pensation by  the  valuation  of  certain  products  of  the  farm. 
These,  with  some  modifications,  I  propose  to  re-state  here,  in  the 
hope  that  they  will,  at  any  rate,  receive  that  full  and  candid 
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criticism  without  which  the  principle  they  involve  should  be 
neither  accepted  nor  rejected. 

If  the  plan  in  question  were  adopted,  it  would  be  desirable 
that  the  time  of  entry  should  be  Lady-day.  The  items  upon 
which  I  would  base  the  valuation  in  favour  of  the  outgoing 
tenant  are, — 

1.  The  farmyard-manure  made  during  the  last  six  months  of 
the  occupancy. 

2.  The  manure  from  the  consumption  of  purchased  food  which 
has  not  yet  grown  a  crop. 

3.  The  straw  of  the  corn-crops  of  the  next  harvest. 

The  farmyard-manure  would  be  valued  to  the  incoming  tenant 
bj  the  load  or  ton.    The  price  of  the  dung,  per  load  or  ton,  would 
have  to  be  settled,  either  by  agreement,  or  by  a  recognised  cus- 
tom for  a  given  district  or  locality ;  and  the  question  is  open 
for  consideration  whether  the  rate  should  approximate   to  the 
ikrm-  or  to  the  market-value.      As  the  quantity  of  dung  to  be  so 
Valued  will  depend  very  much  on  the  quantity  of  straw  produced 
at  the  last  harvest,  the  valuation  will,  so  far,  take  into  account 
the  previous  condition  of  the  land.      High  condition  of  land 
means  large  corn-crops,  and  the  tendency  of  the  effect  of  high 
xnannring  is  to  increase  the  straw  in  greater  proportion  than  the 
com ;  and  as  1  ton  of  straw  makes  from  3^  to  4  tons  or  more 
of  dung,   the  difference  between  the  number  of  tons  of  dung 
paid  for  on  entry  on  land  in  poor  condition,  and  the  amount  to 
receive  for  on  quitting  in  high  condition,  may  be  very  large. 

If  in  addition  to  the  value  of  dung,  reckoned  per  load  or  ton, 
the  manure-value  of  the  purchased  food,  if  any,  consumed  in 
its  production  were  also  allowed,  it  might  be  objected  that  the 
incoming  tenant  would  thus  have  to  pay  for  the  same  manure 
twice  over.  In  answer  it  may  be  said  that  the  addition  to  the 
weight  of  a  yard  of  manure  by  the  excrements  due  to  the  con- 
sumption of  purchased  food  is  comparatively  immaterial ;  but  if 
it  were  decided  that  a  reduction  should  be  made  on  this  score, 
about  three-fourths  of  the  weight  of  the  purchased  food  would 
probably  be  sufficient  to  deduct  from  the  total  number  of  loads 
or  tons  of  dung.  What  proportion  of  the  original  manure-value 
of  the  purchased  food,  as  shown  in  Table  I.,  at  page  13,  should 
be  allowed,  will  depend  upon  whether  it  has  been  consumed  on 
the  land,  or  in  the  yards  or  buildings.  If  on  the  land  17^., 
and  if  in  the  yards  or  buildings  I65.,  for  every  20*.  of  original 
manure-value  should  be  allowed. 

The  condition  of  the  land  in  regard  to  recent  manuring  would, 
as  in  the  case  of  the  amount  of  dung  produced  from  the  straw  of 
the  last  harvest,  be  further  represented  in  the  amount  of  straw  to 
be  valued  as  such  at  the  next  harvest.     How  muc\\  t\ie  ;aAtvo>iiv\. 


ae 
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*of  straw  may  vary  on  the  same  land  and  in  the  same  seasons, 
according  to  "  condition,"  may  be  illustrated  by  what  is,  how- 
ever, admittedly  a  very  extreme  case.  The  continuously  un- 
manured  plot  in  my  experimental  wheat-field  gave  over  a  series 
of  years  an  average  of  only  about  14^  cwts.  of  straw  per  acre ; 
whilst  a  highly-manured  plot  gave,  over  the  same  period,  an 
average  of  46^  cwts.,  or  nearly  3^  times  as  much. 

Supposing  the  ainount  of  straw  were  to  be  taken  as  an  item  in 
the  valuation  for  compensation,  as  here  proposed,  the  question 
whether  the  consuming  or  the  market  price  should  be  adopted 
would,  as  in  the  case  of  the  dung,  be  still  open  for  consideration. 

Shortly  after  the  publication  of  my  Paper  read  before  the 
London  Farmers'  Club  in  1870,  Mr.  Smith,  of  Woolston,  writing 
in  the '  Agricultural  Gazette,'  objected,  first,  that  my  plan  of  com- 
pensation would  give  the  outgoing  tenant  nothing  more  than  the 
consuming  value  of  his  straw,  and  afterwards,  that  it  would  give 
him  no  more  than  he  could  already  obtain.  Neither  allegation 
was  true.  The  real  question  at  issue  is,  however,  not  whether 
on  the  plan  proposed  the  outgoing  tenant  would  receive  less  or 
more  than  under  any  other  arrangement,  but  whether  he  would 
receive  as  much  as  he  was  entitled  to  for  his  outlay.  In  answer, 
I  put  as  an  example  a  case  which,  with  some  modifications,  I 
repeat  here. 

Suppose  a  farm  of  400  acres  cultivated  on  the  four-course 
system ;  that  the  tenant  enters  upon  it  in  a  low  condition ;  that 
after  years  of  clean  farming,  and  the  liberal  use  of  purchased 
food  and  manures,  he  leaves  it  in  high  condition  ;  and  that, 
accordingly,  it  yielded  at  the  time  of  entry,  and  the  time  of  giving 
up,  respectively,  the  following  average  amounts  of  produce. 


100  acres  loots.. 
100  acres  barlej 
100  acres  hay  . . 
100  acres  wheat 


AVBRAOE  PBODrCK  PEB  AOBE. 


On  Entr/. 

On  LMvtng. 

6  tODS. 

12  tons. 

28  bushels. 

42  bushels. 

1  ton. 

2  tons. 

24  bushels. 

36  bushels. 

1 

1 

It  will  be  unnecessary  to  complicate  the  subject  by  taking  into 

account  the  oats  consumed  by  the  horses,  as  the   amount  of 

manure  produced  from  them  would  not  be  materially  diflferent  at 

the  two  periods.    Also  for  the  sake  of  simplicity,  the  same  pro- 

partion  of  straw  to  corn  may  be  assumed  on  entry  and  on  learing, 
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though  it  would  doubtless  be  higher  under  the  improved  coti- 
dition.  Let  it  be  assumed,  then,  that  in  each  case  half  the 
roots  are  consumed  in  the  yards  ;  that  previous  to  entry  no 
purchased  food  had  been  employed  ;  that  during  the  later  yea|:s 
of  the  occupancy  25  tons  of  linseed*cake  were  used  annually ; 
that  for  every  bushel  of  wheat  (of  60  lbs.)  there  was  an  average  of 
100  lbs.  of  straw,  and  for  every  bushel  of  barley  (of  52  lbs.)  an 
ftTerage  of  62j^  lbs.  of  straw. 

Adopting  these  data,  the  following  are  the  amounts  of  straw, 
and  the  estimated  amounts  of  dung,  entered  upon,  and  left, 
respectively;  and  the  difference  between  the  value  of  these  on 
entry  and  on  leaving,  together  with  the  proportion  of  the  manure- 
value  of  the  purchased  cake,  will  represent  the  compensation 
to  be  received  by  the  outgoing  tenant  for  his  improvement  of 
the  condition  of  the  land. 

First,  as  to  the  straw,  we  have — 


•  On  entry 
On  leafing    .. 


•  a  •  • 


Difference.. 


Wheat  BkxKW. 


Barley  Straw. 


Total  Straw. 


Tods. 
107 

1601 


531 


Tont. 
78 

117 


Tons. 
185 

277i 


Value 
at  ]5<.  per  ton. 


£      i. 

d. 

138  15 

0 

208    2 

6 

39 


921 


69    7    6 


Reckoning  the  same  amounts  of  straw  as  above  assumed  on 
^^,  to  have  been  converted  into  manure  during  the  season  pre- 
^ous  to  entry  ;  and  again,  the  same  amounts  as  assumed  on 
leavings  to  have  been  converted  into  manure  during  the  season 
pi^Wous  to  leaving;  with,  in  each  case,  the  consumption  of 
'^ts  and  hay  as  above  supposed,  and  previous  to  leaving  of 
^^  tons  of  linseed-cake  also,  the  amounts  of  manure,  calcu- 
lated according  to  carefully  considered  data  would  be  about  as 
Wlows : — 


Fresh  Dang. 


i  On  entry  •  • 

I 

'  On  leaving 


Tons. 
649 

1072 


Value  at  St.  per  ton. 


Difference 


423 


162    5    0 
268    0    0 


105  15    0 


"^-•^istly,  the  estimated  total  manure-value  obtained  by  the  con- 
*"*^ption  of  1  ton  of  linseed-cake  is  4/.  12.s.  6d.-,  and  asaum\w^ 
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that  the  outgoing  tenant  consumed  25  tons,  half  on  the  land  and 
half  in  the  yards,  he  would  have  an  average  claim  of  I65.  6d,  for 
every  1/.  of  original  or  total  manure-value  of  the  25  tons  of  cake. 
The  original  manure-value  of  25  tons  of  linseed-cake  would  be 
115/.  12^.  6c/.;  and  this  at  16^.  6^.  in  the  1/.  would  be  95/.  Is,  10</., 
due  to  the  outgoing  tenant  on  the  consumption  of  the  25  tons 
of  linseed-cake  during  the  last  year  of  his  occupancy. 

The  outgoing  tenant  «would,  therefore,  according  to  the  above 
estimates,  founded  on  the  amount  of  certain  products  of  the  farm, 
the  quantity  and  value  of  which  are  easily  ascertained,  receive 
as  compensation  for  his  unexhausted  improvement  in  the  con- 
dition of  the  land,  the  following  sums  beyond  what  he  paid  on 

entry : — 

«  £     s,    d. 

On  straw 69    7    6 

On  dung     105  15    0 

On  purchased  food  consumed 95    7  10 

£270  10    4 

As  I  said  at  the  time,  so  I  repeat  now,  whether  the  above 
amount  would  or  would  not  be  adequate  compensation  is  a 
question  fairly  open  for  discussion.  I  do  not  at  all  insist  on  the 
general  applicability  of  the  rate  of  155.  per  ton  for  the  straw,  or 
of  5^.  per  ton  for  fresh  dung,  adopted  above  for  the  purpose  of 
illustration.  All  I  contend  for  is  the  principle  of  valuation  which 
I  have  proposed :  being  convinced  that  valuations  so  made  would 
rest  upon  a  basis  of  facts  much  more  easily  ascertainable,  and 
much  more  trustworthy,  than  would  any  estimates  of  the  value 
of  the  unexhausted  residue  of  manures  which  have  been  applied 
to  the  land,  and  have  already  yielded  a  crop. 

For  comparison,  there  is  shown  below  what  would  be  the 
allowance  in  the  case  of  a  400-acre  farm  as  above  assumed : — 

1.  According  to  the  scale  laid  down  in  Section  I.,  founded  on 
manure^cdue, 

2.  According  to  the  Lincolnshire  custom,  founded  on  cott^ 
as  quoted  in  Section  II. 

3.  According  to  the  valuation  of  the  straw,  of  the  dung,  and 
of  the  manure  from  purchased  food,  as  given  above : — 

1.  According  to  Jfcfonurc-twiue —  £   ».    dL     £     9.    d, 

25  tons  linseed-cake,  last  year,  consumed  wltb^  gg    .  ,  ^ 
rootfi,  half  on  land  and  half  in  yards  ..-     ..  / 


25  tons  linseed-cake,  last  year  but  one,  con-^  40    g    5 
sumed  with  roots,  followed  by  com   ..      ..  / 

\\  11  11 


25  tous  linsee<Vcakef  hut  year  but  two,  con-] 
sumed  with  roots,  followed. by  com,  and}  11  11    3 

hay  consumed      

. 147    8    6 


On  the  Valuation  of  Unexhausted  Manures.  39 

2.  Aocording  to  Lincolnshire  custom —  ^  in  j 

^^  £     f.     u.     £     f.     a. 

25  tons  linseed-cake  consumed   during  lastj  ^^^    ^    ^ 

year,  half  original  value      / 

3.  Calcalated  on  produce,  &c. — 

On  straw       69     7     6 

On  dung        105  15    0 

On  purchased  food  consumed  ..      95     7  10 

270  10    4 

Thus  then,  in  the  case  supposed,  the  outgoing  tenant  would 
^  avrarded  almost  identical  amounts  of  compensation  for  the 
^'^exhausted  residue  of  his  purchased  linseed-cake,  whether  it 
2^«re  estimated  according  to  my  more  elaborate  mode  of  valuation 
*^unded  on  manure^valuej  or  whether. according  to  the  Lincoln- 
^liire  custom,  founded  on  original  value  or  cost ;  and  the  agree- 
ment would  be  closer  still  if,  in  the  latter  calculation,  the  present 
^zceptionallj  high  price  of  linseed-cake  had  not  been  adopted. 
-^s  already  pointed  out,  however,  although  in  the  case  of  linseed- 
^:ake,  the  food  and  manure-value  of  which  are  comparatively  well 
'tmderstood,  these  two  methods  do  give  closely  approximating 
lesults,  yet,  as  has  been  shown,  they  lead  to  totally  different  esti- 
mates with  other  foods  of  different  composition,  and  which  have 
been  less  generally  used. 

Compared  with  either  of  the  two  methods  just  referred  to,  the 
valuation  founded  on  the  amount  of  dung  made  from  the  straw 
of  the  preceding  harvest,  the  amount  of  purchased  food  consumed, 
and  the  quantity  of  straw  of  the  succeeding  harvest,  is  seen  to 
give  a  very  much  higher  rate  of  compensation.  It  is  to  be 
observed,  however,  that  whilst  in  the  case  of  method  1,  or 
method  2,  being  adopted,  further  allowances  would  frequently 
be  made  for  straw  and  dung,  in  the  case  of  method  3  the  allow- 
ance for  these  is  already  included. 

With  the  foregoing  consideration  of  the  principle  and  results 
of  the  different  methods,  and  with  the  example  given  of  the 
application  of  each,  put  forward  merely  for  the  sake  of  illustra- 
tion and  comparison,  I  leave  the  further  discussion  of  this  com- 
plicated and  difficult  subject  to  those  whom  it  may  most  concern, 
feeling  assured  that  I  may  safely  do  so  at  a  time  when  the 
important  questions  involved  are  exciting  so  much  general 
interest. 

It  may  be  said  that  the  adoption  of  the  plan  of  valuation  I 
have  proposed,  founded  on  the  amount  and  value  of  certain  pro- 
ducts of  the  farm,  would  necessitate  an  entire  re-arrangement  of 
covenants  and  customs.  This  may  be  true  ;  but  I  would  suggest 
whether  the  changes  required  under  such  circumstances  would  be 
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^eater  than  would  be  forced  upon  the  landlord,  if  compulsory 
compensation  on  any  other  basis  became  the  law  of  the  land  ? 

The  n&m  conclusions  arrived  at  may  be  summarised  as 
follows : — 

1.  In  the  existing  state  of  our  knowledge,  no  simple  rules, 
applicable  to  various  soils  and  subsoils,  climates,  seasons,  crops, 
and  manures,  can  be  laid  down  for  the  valuation  of  the  unex- 
hausted residue  of  previously  applied  manures  which  have  already 
yielded  a  crop. 

2.  Under  such  circumstances,  valuation  upon  such  a  basis 
would  very  frequently  result  in  injustice  to  the  one  party  or  the 
other,  and  would  probably  lead  to  much  litigation. 

3.  If  a  system  of  compensation  based  upon  the  valuation  of 
the  unexhausted  residue  from  purchased  foods  or  manures  were 
adopted,  power  should  be  g^ven  to  the  landlord,  or  to  the 
incoming  tenant,  to  take  samples  for  analysis,  of  any  foods  or 
manures,  for  the  use  of  which  any  claim  is  to  be  made. 

4.  In  consideration  of  the  difficulties  attending  other  methods 
of  valuation,  it  is  very  desirable  to  consider  whether  compensa- 
tion for  unexhausted  condition  of  land  might  not  be  advan- 
tageously based  upon  the  amount  of  certain  products  of  the  farm, 
the  quantity  and  money-value  of  which  can  be  easily  ascer- 
tained. 


ixwdoh:  privtb)  n  whxiam  clowb  avd  ton,  trAiiroiD  stukt, 

AMD  OBAsnia  cioas. 


[Ssiradedjrom  the  LnoTEAV  Sooisty's  Joitbkal— Botaht, 

yol.  xy.] 

NOTE  ON 

THE  OCCURRENCE  OF  "  PAIRY-RINGS." 

BT 

J.  H.  aiLBERT,  Ph.D.,  F.E.S.,  F.C.S. 


^'  is  known  that  "  Fairy-Eings  "  occur  chiefly,  though  not  exclu- 

^^ly,  on  poor  pastures,  and  that  they  are  discouraged  by  high  (es- 

P^ially  high  nitrogenous)  manuring.     In  the  experiments  on  per- 

'ttanent  meadow-land,  conducted  in  Mr.  Lawes's  Park  at  Botham- 

"^^  there  are  twenty  different  plots,  representing  nearly  as  many 

^iffbrent  conditions  of  manuring,  the  same  condition  having  been 

^Utinued  on  the  same  plot  in  most  cases  for  twenty  years  in  succes- 

^on.  Some  of  these  plots  yield  an  average  of  little  more  than  Iton 

of  ixzj  per  acre,  and  others  more  than  3  tons.     On  some  **  fairy- 

'^^  "  occur,  whilst  on  others  they  do  not.     The  flora  generally, 

*^  t;o  speak,  has,  indeed,  changed  under  the  influence  of  the  dif- 

^^i^^ent  manures  in  a    very  striking  degree.     Thus,   speaking 

^^^^Uy,  there  are  certain  plots  on  which  there  develop  annu- 

**1^  fipom  40  to  50  species  or  more,  whilst  in  others  even  less  than 

^^  are  in  some  seasons  found.     These  differences,  it  should  be 

'^^^arked,  are  the  result  of  the  different  conditions  as  to  manu- 

^^^^^,  the  whole  area,  so  far  as  could  be  judged,  having  been 

^^^ctty  uniform  in  the  character  of  the  herbage  at  the  com- 

^^^ncement  of  the  experiments. 

It  will  be  of  interest,  and  be  found  not  irrelevant  to  the  special 

^^bject  of  this  communication,  to  summarize  as  briefly  as  possible 

^  few  of  the  most  characteristic  ehanges  which  have  taken  place 

^^  the  botaniod  character  of  the  vegetation  under  the  influence  of 

^■^rtain  characteristic  conditions  as  to  manuring.     On  three  occa- 

^ons,  at  intervals  of  five  years  (namely,  in  1862, 1867,  and  1872),  a 

Sample  of  the  produce  from  each  plot  has  been  carefully  taken 

^nd  submitted  to  careful  botanical  analysis.    Taking  the  average 

of  the  three  separations,  the  following  are  some  of  the  results : — 

Continuously  without  manure  (plots  8  and  12),  the  number  of 

species  found  in  the  produce  has  averaged  48,  of  which  17  are 

grasses,  4  belong  to  the  order  of  Leguminosae,  and  27  to  other 

orders.     The  percentage  by  weight  of  grasses  is  about  62,  that  of 

the  leguminous  herbage  8,  and  that  of  the  remaining  species^ 

which  it  vrill  he  oonrenient  to  term  miscellane(m%  ^er\>ag|e^%Q« 
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With  a  purely  mineral  manure,  containing  supcrpbospliate  of 
lime  and  sulphates  of  potass,  soda,  and  magnesia,  but  no  nitro- 
gen or  organic  matter  (plot  7),  the  average  number  of  species 
found  has  been  42,  of  which,  as  without  manure,  17  are  grasses, 
4  Leguminosffi,  and  the  remainder  ''miscellaneous."  But  the 
produce  has  contained,  on  the  average,  only  55  instead  of  62 
per  cent,  of  its  weight  of  grasses,  nearly  26  instead  of  only  8 
per  cent,  (as  without  manure)  of  Leguminos®,  and  only  19  instead 
of  30  per  cent,  of  **  miscellaneous  "  herbage. 

With  the  same  mineral  manure  as  on  the  last  plot  (7),  but 
with  the  addition  of  a  large  quantity  of  ammonia-salts,  in  plot 
11,  the  average  number  of  species  found  has  been  reduced  to 
21,  of  which  13  are  grasses,  1  only  belongs  to  the  order  of  Legu- 
minosae,  and  7  to  other  orders.  But  instead  of  62  per  cent, 
by  weight  of  graminaceous  herbage,  as  without  manure,  or  55 
per  cent.,  as  with  the  mineral  manure  alone,  we  have  now,  ¥rith 
this  mixture  of  the  same  mineral  manure  and  a  great  excess  of 
ammonia-salts,  925  per  cent,  by  weight  of  grasses,  only  0*01  per 
cent,  of  leguminous  herbage,  instead  of  8  per  cent,  as  without 
manure,  and  26  per  cent,  with  the  purely  mineral  manure ;  and 
we  have  less  than  7}  per  cent,  of  species  from  other  orders,  instead 
of  about  30  per  cent,  as  without  manure,  or  19  as  with  the  purely 
mineral  manure. 

It  will  be  readily  understood  that,  with  the  great  variety  of  ma- 
nurial  conditions  offered  by  the  twenty  different  experimental  plots, 
there  is  very  great  variety  in  the  development  and  relative  predo- 
minance of  the  representatives  of  different  orders  and  genera  in- 
termediate between  the  marked  extremes  above  referred  to.  With 
reference  to  the  extreme  cases  cited,  the  prominent  point  to  ob- 
serve is,  that  the  grasses  dominate  to  an  extraordinaiy  degree  where 
large  quantities  of  ammonia  as  well  as  mineral  manure  were  em* 
ployed,  whilst,  under  these  conditions,  the  leguminous  herbage 
was  all  but  annihilated,  and  the ''  miscellaneous  "  species  were  very 
much  reduced  both  in  number  and  in  weight  per  cent,  in  the 
produce.  On  the  other  hand,  the  percentage  proportion  and 
the  actual  quantity  of  the  leguminous  herbage  was  enormooalj 
increased  by  a  mineral  manure  containing  potass  but  no  am- 
monia, or  nitrogen  in  any  other  form,  or  organic  matter  of  any  kind. 

Here  is  obviously  a  remarkable  instance  of  domination  under 
well-defined  artificially  induced  conditions.  But  the  fkctn  aie 
the  more  remarkable  since  it  is  the  G-raminaceous  herbage  (which 
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un^  equal  conditions  of  ripeness  contains  a  comparatively  low 
percentage  of  nitrogen)  that  is  so  strikingly  developed  under  the 
uiflaeDeeof  nitrogenous  manures;  whilst  the  Leguminous  her- 
1^  which  is  characterized  by  a  very  high  percentage  of  nitro- 
gen, is  specially  developed  by  mineral  manure  containing  potass ; 
^i  when  to  this  nitrogenous  manures  (especially  ammoniacal) 
Padded,  the  plants  of  the  Leguminous  order  are  almost  abolished, 
^ese  striking  results,  brought  out  in  experiments  on   the 
lulled  herbage  of  grass-land,  are  moreover  perfectly  consistent 
^th  those  observed  in  the  growth  of  individual  Graminaceous 
^d  Leguminous  crops  in  rotation  on  arable  land.     Thus,  a  crop 
^^^hest,  barley,  or  oats  is,  other  things  being  equal,  very  much 
^'^^^eaaed  by  nitrogenous  manures.     A  crop  of  clover  or  beans, 
^^  the  other  hand,  although  it  may  yield  three,  four,  or  five  times 
^  JOnch  nitrogen  over  a  given  area,  as  a  crop  of  wheat,  barley,  or 
^^  growing  on  the  same  description  of  land,  is  not  characteris- 
^^^7  benefited  by  direct  nitrogenous  manures.     But  these  Le- 
^'^'iiinoas  plants  will  develop  and  assimilate  an  enormous  amount 
^^  ^litrogen  under  conditions  in  which  the  GraminacesB  would  lan- 
J}^^^,  and  they  at  the  same  time  leave  the  land  in  improved  con- 
^ti^Q  fQp  ^iiQ  growth  of  the  OraminacesB.     It  must  be  admitted 
.    ^t  the  source  of  the  much  larger  quantity  of  nitrogen  assimi- 
^^d  over  a  given  area  by  plants  of  the  Leguminous  than  of 
^^  Qraminaoeous  family,  and  of  the  residue  of  it  left  by  them  in 
^^^  upper  layers  of  the  soil  in  a  condition  available  fur  the  Gra- 
^-^lace®,  is  not  yet  conclusively  explained. 
^      ^^tieAeeting  upon  these  facts,  Mr.  Lawes  and  myself  have  often 
^    Vt  that  if  we  could  determine  the  source  of  the  nitrogen  of  the 
.  J^^gi  growing  in  "fairy-rings,"  some  light  might  t>erhaps  be 
rown  on  the  question  of  the  source  of  the  nitrogen  of  the  Legu- 
^inosss  which  we  cultivate  separately  in  rotation,  or  which  grow 
association  in  the  mixed  herbage  of  grass-land. 
It  will  be  readily  understood  that  the  nearly  twenty  conditions 
to  manuring,  and  the  as  many  different  conditions  as  to  flora, 
^^hich  the  experimental  plots  in  the  Park  at  Bothamsted  offer, 
^^cfford  an  extremely  favourable  opportunity  for  observing  the  con- 
tritions, both  as  to  manure  and  association,  under  which  fungi, 
^jod  especially  those  occurring  in  the  so-called  ^^faity-rin^s/*  most 
^^eadily  develop.      Accordingly  for  some  time  past  Mr.  Lawes 
^las  observed  their  occurrence  and  development ;  and  it  is  the 
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results  of  his  obseiratioiis  on  these  points  that  I  am  enabled  to 
communicate. 

Before  stating  under  which  of  the  conditions  of  manuring 
''  &iry-ring8 "  have  most  deyeloped,  it  is  of  interest  to  observe 
that,  according  to  published  analyses  of  various  fungi,  generallj 
from  one  fourth  to  one  third  of  their  dry  substance  consists  of  ni- 
trogenous matters.  The  dry  substance  further  generally  contains 
from  8  to  10  per  cent,  of  mineral  matter  or  ash,  of  which  about 
80  per  cent,  is  phosphate  of  potassium.  In  fact,  fungi  would 
appear  to  be  among  the  most  highly  nitrogenous  of  plants,  and 
to  be  also  very  rich  in  potass.  Yet  the  fungi  have  developed 
in  '* fairy-rings"  only  on  the  plots  poorest  in  nitrogen  and 
potass  in  such  conditions  as  to  be  available  to  most  other 
plants. 

To  go  a  little  further  into  detail : — 

In  November  1874i  six  species  of  fungi  were  observed  on  the 
unmanured  plot  (3),  where  also  they  were  more  abundant  than 
on  any  other  plot.  They  were  named  by  the  Bev.  M.  J.  Berkeley 
as  follows — Boleiu9  erythropuff  Mygraphorua  praUnHs^  JET.  eoc- 
eineuSy  H.  viryineui,  Agarieu9  geotrwpusj  A,  ^truginoBUi-. 

On  the  plot  with  superphosphate  of  lime  alone  (4  . 1)  there  were 
two  species,  namely  Ifygrophorus  eoeeineui  and  Olavaria  termin 
eularis. 

On  plot  8,  with  superphosphate  of  lime  and  sulphates  of  soda 
and  magnesia,  but  without  potass  for  fourteen  years,  two  spedeSy 
Hygropharus  tnrgineua  and  Agaricus  nudu9. 

On  plot  17,  with  nitrate  of  soda  alone,  small  patches  of  MggrO' 
phorus  virgineus  and  of  Agarieua  fwrfwracew  were  found.  On 
plot  16,  with  nitrate  of  soda  and  sulphates  of  potass,  soda,  and 
magnesia,  a  few  of  Hygropharua  virgineus.  And  on  one  or  two 
other  plots  there  were  individual  specimens  oiAgaricua  arvensis 
of  very  large  size. 

^  Fairy-rings  "  occurred  almost  exclusively  on  plot  4 . 1  (with 
superphosphate  of  lime  alone),  and  on  plot  8  (with  superphosphate 
of  lime,  and  sulphates  of  soda  and  magnesia,  but  no  potass). 

In  May  1875  only  one  species,  namely  Haratmitu  oreadmm^  mm 
observed. 

On  the  19th  there  were  comparatively  few  specimens  to  be 
found.  On  the  81st  they  occurred  in  small  numbers  on  plot  1 
(with  farm-yard  manure  and  ammonia  salts  1856-1868,  but  sinoe 
ammonia  salts  only),  on  plot  2  (with  fiirm-yard  manure  alone  1856^ 
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18^,  but  since  unmanured),  on  plot  3  (unmannred  for  more 
ftan  twenty  years),  and  on  plot  7  (with  superphosphate  of  lime 
ttd  sulphates  of  potass,  soda,  and  magnesia  for  twenty  years)* 
On  plots  4 .1  and  8,  on  the  other  hand,  they  could  be  counted  by 
inmdreds ;  and  on  these  two  plots  only  were  they  found  in ''  fJEury- 
nngB." 

On  plot  4 . 1  (with  superphosphate  of  lime  alone)  there -were  six 
more  or  less  complete  **  faiiy-rings,"  on  some  of  which  hundreds 
of  the  fimgi  were  growing  in  thick  patches,  generally  surrounded 
V  the  yery  luxuriant  grass  of  the  ring. 

On  plot  8  (with  superphosphate  of  lime  and  sulphates  of  soda 

^d  magnesia  but  no  potass  for  fourteen  years)  there  were  three 

^•"T&e  **  fSEury-rings  "  with  the  fungi  growing  very  thickly  on  them, 

*"^  grass  of  the  rings  being  also  very  luxuriant.    There  were, 

''^ides  these  rings,  a  number  of  patches  down  one  side  of  the 

plot;  showing  many  of  the  'fungi  and  very  luxuriant  grass ;  and 

"^^^e  was  one  large  patch  of  very  luxuriant  grass  showing  no 

^^^^^i  now,  nor  was  mycelium  found  in  the  soil ;  but  in  the  autumn 

^'^Q  patch  gave  a  crop  of  AgaricuB  nudus.     On  this  plot  especially 

"^^  increased  growth  of  grass  on  the  rings  and  patches  where 

^^^gi  have  occurred  is  so  considerable  that  it  must  appreciably 

l^'QWct  the  amount  of  produce  on  the  plot ;  and  the  grasses  most 

^>oured  seem  to  be  Poa  trwialit  and  Solcus  lanatua. 

Thus,  then,  the  highly  nitrogenous  fungi  flourished  strikingly, 
^^d  appeared  in  "fairy-rings,"  on  two  plots  only,  on  neither  of 
^liich  is  either  nitrogen  or  potass  applied  as  manure — conditions 
^Mider  which  the  development  of  the  G-raminacese  is  extremely  re- 
'^trictedy  and  their  limited  growth  is  due  to  a  deficient  available 
^pply  of  nitrogen,  or  of  potass,  or  of  both,  and  where  the  com- 
I^tiiion  of  the  Leguminosas  is  also  weak,  in  the  absence  of  a  more 
liberal  supply  of  potass. 

The  questions  obviously  arise  whether  the  greater  prevalence 

of  fongi  under  such  conditions  be  due  to  the  manurial  conditions 

themselves  being  directly  favourable  for  their  growth,  or  whether 

other  plants,  and  especially  the  grasses,  growing  so  sluggbhly 

xinder  such  conditions,  the  plants  of  the  lower  orders  are  the  better 

ikble  to  overcome  the  competition  and  to  assert  themselves.     On 

this  point  the  further  questions  arise  whether  the  fungi  prevail 

simply  in  virtue  of  the  absence  of  adverse  and  vigorous  competi- 

lion,  or  whether  to  a  greater  or  less  extent  as  parasites,  and  so  at 

the  expense  of  the  sluggish  underground  growth  of  the  plants  in 


22  DB.  J.  H.  QILBSBT  OK  THS 

association  with  them ;  or,  lastly,  have  these  plants  the  power  of 
assimilating  nitrogen  in  some  form  from  the  atmosphere,  or  in 
some  form  or  condition  of  distribution  within  the  soil  not  avail- 
able (at  least  when  in  competition)  to  the  plants  growing  in  asso- 
ciation with  them  P 

It  is  with  the  hope  of  arriving  at  some  answer  to  these  ques- 
tions, either  from  the  existing  knowledge  or  the  future  obser- 
vation of  botanists  and  vegetable-physiologists,  that  we  have 
felt  it  desirable  to  comply  with  the  request  made  to  us,  to  bring 
our  own  observations,  made  from  a  special  point  of  view,  before 
the  Fellows  of  the  Linnean  Society.  In  aid  of  this  object  it  may 
be  well  to  state  some  other  facts  which  we  have  noticed  in  con- 
nexion with  the  formation  and  extension  of  '^  fairy-rings." 

It  is  probable  that  the  fungi  growing  on  meadow-land  owe  their 
occurrence  in  the  first  instance  to  the  accidental  droppings  of 
animals  or  birds.  Individual  specimens  appear,  and  sometimes 
grow  to  a  large  size,  even  on  some  of  the  highly  manured  plots ; 
but  patches,  or  "  rings,"  are  chiefly  found  on  the  poorly  manured  or 
exhausted  plots — ^that  is  to  say,  where  there  is  a  marked  absence 
of  luxuriance  in  the  vegetation  generally.  So  far  as  may  be 
judged  from  observation  hitherto,  patches  may  form  and  die  out 
without  development  and  extension  into  "  rings."  The  formation 
of  an  annually  increasing  '^  ring  "  seems  to  require  special  condi- 
tions, both  as  to  soil  and  association.  In  the  case  of  mere 
patches,  some  examinations  of  the  soil  in  spring  and  autumn  have 
not  shown  a  marked  development  of  mycelium  where  it  would  be 
expected  if  there  were  to  be  extension,  though  it  would  appear 
that,  if  the  conditions  be  specially  favourable,  they  may  enlarge 
and  endure  for  some  time.  In  the  case  of  extending  *'  rings,"  on 
the  other  hand,  the  soil  under  the  outer  portion  of  the  circle  gene- 
rally shows,  to  a  depth  of  a  foot  or  more,  according  the  character 
of  the  soil,  an  enormous  development  of  mycelium  for  some  time 
prior  to  the  appearance  of  the  above-ground  growth. 

It  is  to  be  particularly  observed  that  this  development  of  myce- 
lium is  always  under  the  outer  portion  of  the  **  ring,"  and  is  not 
found  within  it.  When  a  ring  is  formed,  what,  happens  seems 
to  be  the  following : — From  some  extraneous  cause,  such  as  above 
referred  to,  a  patch  of  fungi  is  established.  The  plants  falling 
and  dying  supply  a  rich  nitrogenous  (as  well  as  mineral)  manuring 
to  the  adjacent  herbage.  A  patch  of  dark  green  luxuriant  grassi 
generally  several  inches  higher  than  tiie  surrounding  herbage, 
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succeeds.    This  being  cut  or  eaten  off,  the  soil  may  sooner  or 

l&ter  become  even  more  exhausted  than  before  ;  and  it  is  accord- 

iflglj  frequently  observed  that  the  grass  within  is  less  luxuriant 

tban  that  outside  the  ring.     Initiative  experiments,  upon  which, 

however,  we  would  not  place  implicit  reliance,  have,  indeed,  shown 

slower  percentage  of  nitrogen  in  the  surface  soil  within  the 

ciTQle  than  at  an  equal  depth  either  under  or  without  the  circle. 

^^^^uminous  plants  are  not  excluded  from  the  area  within  the  ring ; 

^t  whilst   Lathyrus  prateneis  and  Trifolium  pratevue^  plants 

^bich  on  the  land  in  question  have  shown  themselves  very  depen- 

^Qt  on  artificial  supplies   of  potass,  seem  to  be  discouraged, 

^tu9  eomicukUus  and  Trifolium  repent,  species  which  maintain 

^'leir  position  under  marked  conditions  of  exhaustion  of  soil,  are 

^xl.y  abundant.    At  any  rate,  it  would  appear  that,  in  the  case 

^*    *•  rings,"  the  soil  underneath  the  fungus-growth  has  become 

*"^  fitted  to  support  another  crop,  or  successive  crops,  of  fungi. 

-^^^c^rdingly,  supposing  the  soil  of  the  plot  to  be  favourable,  the 

''^S  develops  always  outwards — that  is,  on  what  is  to  the  fungi 

^^^in  soil ;  and  hence  the  annual  enlargement. 

^t  will  be  seen  that  in  these  facts  we  have  an  interesting  illus- 
^^^'^•^on  of  what  may  be  called  natural  rotation.  The  original 
"^^•^^gi  probably  receive  their  nutriment  from  extraneous  sources ; 
"^^%  once  established,  they  must,  for  the  extension  into  "  rings," 
"^■j)end  upon  other  supplies,  which,  if  due  to  the  soil  itself,  are  ob- 
^'^c:iu8ly  unfavourable,  either  in  condition  or  in  distribution,  to 
■^^  surrounding  vegetation,  and  especially  to  the  grasses,  which 
^^^^  not  flourish  until  the  matter  taken  up  by  the  fungi  becomes 


ailable  to  them  as  manure,  when  at  once  they  show  very  great 

uriance.     Or  is  it,  as  already  suggested,  that  the  mycelium 

velops,  BO  far  as  its  nitrogen  is  concerned,  not  at  the  expense 

that  which  may  be  said  to  have  become  a  constituent  of  the 

^^il  itself,  but  of  that  accumulated  in  the  vegetable  d^ris  from 

^VDrmer  growth  within  the  soil,  or  even  parasitically — that  is,  at  the 

Expense  of  the  nitrogenous  matters  of  the  roots  of  not  dead  but 

"^ery  sluggish  vegetation  ? 

These  points  are  obviously  of  very  considerable  interest  from 

\>oth  a  chemical  and  a  physiological  point  of  view ;  and  it  is  much 

to  be  hoped  that  botanists  and  vegetable  physiologists  who  may 

liave  special  knowledge  on  the  subject  will  bring  it  to  bear  on  the 

questions  which  seem  to  be  at  issue — or  that,  in  so  far  as  such 

knowledge  is  not  yet  available,  some  may  be  induced  to  take  up 
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the  iuvestigatioii  with  a  view  to  the  elucidation  of  that  which,  to 
us  at  leasts  seems  to  require  explanation  *• 


*  Owing  to  preesure  of  occupation  at  the  time,  I  was  not  aUeto  fefer  to  the 
opinions  of  others  before  writing  the  foregoing  notes,  but  haTO  tinoe  done  io^  and 
would  call  attention  to  the  observations  of  Berkeley,  Way,  BucAman,  Lees,  and 
others, — J.  H.  G. 
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On  Some  Points  in  Connection  with  Vegetation. 
By  Dr.  J.  H.  GILBERT,  F.R.S.,  F.L.S.,  F.C.S. 


The  subject  of  vegetation  is  such  a  very  wide  one,  and  might  be 
treated  of  in  so  many  different  ways,  that  it  seems  desirable  to  state 
*t  the  outset  what  is  the  scope,  and  what  are  the  limits,  of  the  dis- 
cussion which  I  propose  to  bring  before  you.     I  propose,  then,  to 
confine  attention  almost  exclusively  to  the  question  of  the  sources  of 
^^^  nitrogen  of  vegetation  in  general,  and  of  agricultural  production 
^^  particular.     I  propose  further  to  treat  of  this  subject  mainly  in  the 
Aspects  in  which  it  has  forced  itself  upon  the  attention  of  Mr.  Lawes 
*nd   myself  during  the  now  thirty-three  years  of  our  agricultural 
investigations  ;  and,  also,  in  so  far  as  it  illustrates,  and  is  illustrated 
■^y*  the  objects  contributed  by  Mr.  Lawes  to  the  Exhibition  around  us. 
Before  entering  upon  the  special  subject  matter  of  my  discourse, 

*  niust  claim  the  indulgence  of  those  present  who  are  already  well 
*^quainted  with  the  main  facts  of  the  chemistry  of  vegetation,  whilst 

*  ^all  attention,  very  briefly,  to  some  rather  elementary  matters,  with 

*  view  of  rendering  what  has  to  follow  the  more  intelligible  to  any 
^Ho  may  be  less  fiilly  informed  on  the  subject. 

When  a  vegetable  substance  is  burnt — as  a  familiar  instance,  let  us 
^^y  tobacco,  for  example — the  greater  part  of  it  is  dissipated,  but  there 
*"^iuains  a  white  ash.  The  ashes  of  crude  or  unripe  vegetable  sub- 
^^^Jices  are  found  on  analysis  to  contain  most,  or  all,  of  the  following 
^^iistitucnts,  namely : — 

Oxide  of  iron,  oxide  of  manganese,  lime,  magnesia,  potash,  soda, 
^^osphoric  acid,  sulphuric  acid,  chlorine,  and  silica. 

Rarer  substances  than  these  are  also  sometimes  found.   Now,  much 

^ds  of  late  years  been  established  in  regard  to  the  occurrence,  and  the 

^IHces,  of  some  of  these  substances  in  plants  ;  but  I  do  not  propose  to 

^^uch  upon  the  questions  herein  involved.    It  will  suffice  further  to  say 

^H  regard  to  these  incombustible,  or  "  mineral,"  constituents,  that  the 

^sh  of  one  and  the  same  description  of  plant,  growing  on  different  soils, 

^Jiay,  so  long  as  it  is  in  the  growing  or  immature  state,  diflfer  very 

^uch  in  composition.    Again,  the  ashes  of  different  species,  growing 

on  the  same  soil,  will  differ  very  widely  in  the  proportion  of  their 

several  constituents.     But  it  is  found  that  the  nearer  we  approach  to 


the  elaboration  of  the  final  products  of  the  plant — the  seed,  for 
example— the  more  fixed  is  the  composition  of  ash  of  such  products 
of  one  and  the  same  species.  In  other  words,  there  is  very  little 
variation  in  the  composition  of  the  ash  of  one  and  the  same  descrip- 
tion of  seed,  or  other  final  product,  provided  it  be  evenly  and  perfectly 
matured.  This  fact  alone,  independently  of  all  that  has  been  esta- 
blished of  late  years  in  regard  to  the  office  or  function,  so  to  speak, 
of  individual  mineral  constituents  of  plants,  would  be  sufficient  to 
indicate  the  essentialness  of  such  constituents  for  healthy  growth  ; 
and  it  is  obvious  that  they  must  be  provided  within  the  soil. 

But  now  as  to  the  combustible  constituents — the  carbon,  the 
hydrogen,  the  oxygen,  and  the  nitrogen.  Leaving  out  of  consideration 
such  exceptional  cases  as  those  brought  to  light  in  Mr.  Darwin's 
beautiful  investigation  on  insectivorous  plants,  and  also  the  sources 
of  the  organic  substance  of  fungi,  and  perhaps  of  some  forced  horti- 
cultural productions,  it  may  be  stated  that  the  source  of  the  carbon 
of  vegetation  generally  is  the  carbonic  acid  existing  in  very  small 
proportion,  but  in  large  actual  amount,  in  the  atmosphere  ;  that  the 
source  of  the  hydrogen  is  water  ;  and  that  the  source  of  the  oxygen 
may  be  either  that  in  carbonic  acid,  or  that  in  water.  With  regard 
to  the  nitrogen  the  case  is,  however,  by  no  means  so  simple.  Not 
that  there  are  no  questions  still  open  for  investigation  in  regard  to 
the  assimilation  by  plants  of  their  incombustible  or  mineral  con- 
stituents, or  of  their  carbon,  their  hydrogen,  and  their  oxygen  ;  but 
those  relating  to  the  sources,  and  to  the  assimilation,  of  their  nitrogen, 
are  not  only  in  many  respects  of  more  importance,  but  seem  to 
involve  greater  difficulties  in  their  solution. 

What,  then,  are  the  sources  of  the  nitrogen  of  vegetation  ?  Are 
they  the  same  for  all  descriptions  of  plants  ?  Are  they  to  be  sought 
entirely  in  the  soil  ?  or  entirely  in  the  atmosphere  ?  or  partly  in  the 
one,  and  partly  in  the  other  } 

As  the  combined  nitrogen  coming  down  from  the  atmosphere  in 
rain,  hail,  snow,  mists,  fog,  and  dew,  does  undoubtedly  contribute  to 
the  annual  yield  of  nitrogen  in  our  crops,  let  us  first  briefly  consider 
what  is  known  as  to  the  amount  of  it  annually  so  coming  down  over  a 
given  area  of  the  earth's  surface  ;  and  as  we  are  here  discussing  the 
subject  in  England,  I  will  adopt  the  English  pound  as  the  unit  of 
weight,  and  the  English  acre  as  the  unit  of  area.  The  following  table 
shows  the  amount  of  nitrogen  coming  down  as  ammonia  and  nitric 
acid  in  the  total  rain,  hail,  snow,  and  some  of  the  minor  deposits 
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during  the  years  1853,  1S55,  and  1856,  at  Rothamsted  (Herts),  the 

nitric  acid  being  in  all  cases  determined  by  Mr.  Way,  and  the  ammonia 

in  some  cases  by  him,  and  in  others  by  ourselves  : — 

Table  I. 

Combined  Nitrogen  in  Rain  and  Minor  Aqueous  Deposits 

at  Rothamsted. 


Nitrogen  per  acre,  per  annum,  lbs. 


1853. 

'855. 

586 

077 

6*63 

1856. 

Mean. 

As  ammonia 

As  nitric  acid 

!             5-67 
(not  determined) 

1 

1 

7-85 
073 

858 

646 
075 

Total  

7*21 

Numerous  determinations  of  the  ammonia  and  nitric  acid  in  rain, 
and  the  other  aqueous  deposits,  have  been  made  in  various  parts  of 
France  and  Germany,  some  in  the  vicinity  of  towns,  and  some  in  the 
open  country.    Of  the  latter,  which  are  the  most  to  our  purpose,  it  may 
he  stated  that  those  of  Boussingault  at  Liebfrauenberg,  in  Alsace, 
generally  indicate  a  larger  proportion  of  the  nitrogen  existing  as  nitric 
acid,  and  less  as  ammonia  than  our  own  ;  but,  upon  the  whole,  the 
observations  in  the  two  widely  separated  localities  mutually  confirm 
one  another.    Of  the  results  of  others,  in  other  localities,  some  show 
about  the  same  amount  of  combined  nitrogen  so  deposited  as  our 
®^)  some,  however,  much  more,  and  some  much  less,  than  ours  ;  but 
"le  determinations  on  the  Continent  generally  show  a  higher  propor- 
tion of  the  total  combined  nitrogen  to  exist  as  nitrates  than  those 
''^  this  country.      It  may  be  added,  that  numerous  determinations 
®'  the  combined  nitrogen  in  rain,  dew,  &c.,  collected  at  Rothamsted, 
^^^  much  more  recently  been  made  by  Professor  Frankland,  and 
"'5  results,  which  are  published  in  the  "  Sixth  Report  of  the  Rivers 
*'"^tion  Commission,"  are  substantially  confirmatory  of  the  earlier 
^^^'^inations,  summarized    in  the  foregoing  Table,  but    upon  the 
^^^  they  indicate  lower  amounts.     Lastly,  M.  Mari^-Davy  deter 
"*^^  the  ammonia  in  the  rain,  &c.,  collected  at  the  Meteorological 
^^rvatory  at  Montsouris,  Paris,  during  the  last  six  months  of  1875  ; 
^lie  amount  of  ammonia  so  coming  down,  even  within  the  walls  of 
'^^^  only  represented  5*25  lbs.  of  combined  nitrogen  per  acre,  or  only 
^  lbs.  per  acre,  per  annum.    M.  Mari^-Davy  did  not  make  a  complete 
.  .^^^5  of  determinations  of  the  nitric  acid  in  the  meteoric  waters,  but  his 
^^^tive  results  agree  with  the  experiments  of  others  in  showing  the 
^''^^Vint  of  combined  nitrogen  so  existing  to  be  comparatively  small. 


Thus,  the  determinations  hitherto  made  of  the  amount  of  combined 
nitrogen  coming  down  in  the  measured  aqueous  deposits  from  the 
atmosphere,  do  not  justify  us  in  assuming  that  the  quantity  available 
from  that  source  will  exceed  8  or  lo  lbs.  per  acre,  per  annum,  in  the 
open  country,  in  Western  Europe.  It  should  be  observed,  however, 
that  the  amount  of  ammonia  especially  is  very  much  greater  in  a  given 
volume  of  the  minor  aqueous  deposits  than  it  is  in  rain  ;  and  there 
can  be  little  doubt  that  there  would  be  more  ammonia  deposited 
from  them  within  the  pores  of  a  given  area  of  soil,  than  on  an  equal 
area  of  the  non-porous  even  surface  of  a  rain-gauge.  How  much, 
however,  would  thus  be  available  to  the  vegetation  of  a  given  area 
beyond  that  determined  in  the  collected  and  measured  aqueous 
deposits,  we  have  not  the  means  of  estimating  with  any  certainty. 
On  the  other  hand,  numerous  independent  determinations,  by  both 
Dr.  Voelcker  and  Dr.  Frankland,  of  the  nitric  acid  in  the  drainage- 
water  collected  from  land  at  Rothamsted  which  had  been  many  years 
unmanured,  lead  to  the  conclusion  that  there  may  be  a  considerable 
annual  loss  of  nitrogen  by  the  soil  in  that  way. 

The  next  point  to  consider  is,  what  is  the  amount  of  nitrogen 
annually  obtained  over  a  given  area,  in  different  crops,  when  they  are 
g  rown  without  any  supply  of  it  in  manure.  This  point  may  be  illustrated 
by  the  results  obtained  in  the  field  experiments  on  Mr.  Lawes'  farm  at 
Rothamsted,  which  have  now  been  in  progress  for  about  a  third  of  a 
century.  Table  2,  which  follows,  shows  the  yield  of  nitrogen  per  acre, 
per  annum,  in  wheat,  in  barley,  and  in  root  crops,  each  grown  for  many 
years  in  succession  on  the  same  land,  either  without  any  manure,  or 
with  only  a  complex  mineral  manure,  that  is  supplying  no  nitrogen. 

Table  II. 


Yield  i 

of  Nitrogen  per  acre,  per  annum,  tn  Wheats  Barley^  and 

Root  Cropsy  at  Rothamsted. 

Crop,  &c 

i 

Condition  of  Manuring,  &c 

Duration 
of 

Average 
Nitrogen 

Experiment. 

J 

per  acre, 
per  annum. 

lbs. 

1 

8  yrs.  1 844-^51 

25-2 

12  yrs.  i852-'63 

22-6 

Unmanured • 

12  yrs.  i864-*75 

15*9 

24  yrs.  1 852-^75 

193 

Wheat  < 

I 

32  yrs.  i844-'75 

207 

' 

12  yrs.  i852-'63 

27-0 

Complex  Mineral  Manure...- 

12  yrs.  i864-'75 

17-2 

. 

24  yrs.  i852-'75 

22*1 

Table  II. — continued. 


Crop,  &c 


Condition  of  Manuring,  &c. 


Duration 

of 

Experiment. 


Average 

Nitrc^en 

per  acre, 

per  annum. 


Barley  - 


Unmanured 


Crops  . 


Complex  Mineral  Manure... 


Complex  \ 
Mineral  I 
Manure  ) 


Turnips 

Barley 

Turnips 
Sugar-beet. . 
Total    


12  yrs.  i852-'63 
12  yrs.  i864-'73 
24  yrs.  i852-'75 

12  yrs.  i852-*63 
12  yrs.  1864-75 
24  yrs.  i852-'75 

8  yrs.  i845-'52 

3  yrs.  1853-^55 
15  yrs.  1 856-' 70* 

5  yrs.  1871-75 
31  yrs.  i845-'75 


lbs. 
22 -O 
14*6 
18-3 

26*0 

1 8-8 

22*4 

42*0 

243 
185 

I3'i 
26-8 


Hearing  in  mind  what  has  been  said  as  to  the  amount  of  combined 
ourogen  known  to  be  annually  deposited  from  the  atmosphere,  the 
"^rcs  in  Table  II.  have  great  interest  and  significance.      Thus,  over 
*^^Tiod  of  32  years,  the  wheat  has  yielded  an  average  of  207  lbs.  of 
°'^f  ogen,  per  acre,  per  annum,  without  manure.     But  if  we  look  at  the 
^^^ntities  yielded  during  the  first  8,  the  next  12,  and  the  last  12  years 
^liat  period,  it  is  seen  that  there  has  been  a  gradual,  but  at  the  same 
^^e  a  considerable  decline  in  the  annual  yield.     From  this  it  would 
^pear  probable  that  the  nitrogen  of  the  soil,  derived  from  previous 
^Cumulations,  is  being  gradually  reduced.    Whether  or  not  the  whole 
^  the  excess  of  yield  over  that  available  from  the  rain,  and  other 
^^asured  aqueous  deposits  from  the  atmosphere,  is  due  to  previous 
^^cumulations  within  the  soil,  and  is  therefore  inducing  a  gradual 
Exhaustion  of  its  stock  of  nitrogen  to  that  extent,  we  have  not  con- 
clusive evidence  to  show.     Determinations  of  nitrogen  in  samples 
^f  the  soil  taken  at  different  times  during  the  course  of  the  experi- 
ments do,  indeed,  show  an  appreciable  reduction.     It  is  probable, 
However,  that  a  part  of  the  excess  of  yield  is  due  to  condensation  of 
^nmionia  within  the  pores  of  the  soil,  beyond  that  which  would  be 
deposited  in  rain,  and  in  the  dew  and  other  minor  deposits  condensed 
on  the  non-porous  even  sur&ce  of  a  rain-gauge,  as  already  referred  to. 
Excluding  the  first  8  years  of  the  growth  of  wheat,  it  is  seen  that 
'Whilst  over  the  next  24  years,  1852-1875,  the  wheat  yielded  19*3  lbs. 


'  Thirteen  years*  crop— two  years,  failed. 
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of  nitrogen,  per  acre,  '"per  annum,  the  barley  yielded  an  average  of 
18-3  lbs.  over  the  same  period.  Again,  during  the  first  12  of  the  24 
years,  the  wheat  yielded  22*6  lbs.,  and  the  barley  22  lbs.  ;  whilst,  during 
the  second  12  years,  the  yield  in  wheat  was  reduced  to  15*9,  and  that 
in  the  barley  to  14*6  lbs.  The  similarity  in  the  yield  of  nitrogen  over 
the  same  periods  in  these  two  closely  allied  crops,  growing  in  different 
fields,  is  very  striking,  though,  upon  the  whole,  the  indication  is  that 
the  autumn-sown  wheat  has  accumulated  more  than  the  spring-sown 
barley. 

It  is  next  to  be  observed  that  the  annual  use  of  a  complex  mineral 
manure  has  but  very  slightly  increased  the  yield  of  nitrogen  in 
either  of  these  gramineous  crops  ;  and  it  is  probable  that  the 
increased  yield,  such  as  it  is,  is  derived  from  the  previous  accumulations 
within  the  soil,  and  not  from  atmospheric  sources. 

To  sum  up  the  evidence  in  regard  to  the  sources  of  the  nitrogen  of 
these  two  typical  gramineous  plants,  when  none  of  it  is  supplied  to 
them  by  manure,  though  it  is  not  conclusively  shown  whence  the 
whole  of  it  is  derived,  it  would  at  any  rate  appear  probable,  that  it 
may  be  accounted  for  by  the  combined  nitrogen  coming  down  in  rain, 
and  in  the  other  measured  aqueous  deposits  from  the  atmosphere,  by 
the  condensation  of  the  ammonia  of  the  air  within  the  pores  of  the 
soil,  and  by  the  previous  accumulations  within  the  soil. 

Let  us  now  consider  what  is  the  yield  of  nitrogen  by  plants  of 
other  natural  families,  and  first  of  all  by  certain  so-called  ''root- 
crops  " — turnips  of  the  natural  order  cruciferae,  and  sugar  beet  of  the 
order  chenopodiacese.  On  this  point  we  have  the  experience  of  31 
years,  excepting  that  during  three  of  those  years  barley  was  grown 
without  any  manure  in  order  to  equalise  the  condition  of  the  land  as 
far  as  possible  before  re-arranging  the  manuring,  and  during  2  other 
years  the  turnips  failed  and  there  was  no  crop. 

It  should  be  premised  that  when  root-crops  are  grown  without 
manure  of  any  kind,  there  is  after  a  few  years  scarcely  any  produce 
at  all ;  and  hence  the  results  recorded  in  the  table  are  those  obtained 
by  the  use  of  mineral  manures,  but  without  any  supply  of  nitrogen. 
It  is  seen  that  during  the  first  8  years  of  turnips,  there  was  an  average 
yield  of  42  lbs.  of  nitrogen  per  acre  per  annum.  During  the  next 
3  years  barley  yielded  24*3  lbs.  annually.  During  the  next  15  years, 
13  with  Swedish  turnips,  and  2  without  any  crop,  there  was  a  yield 
of  18*5  lbs.  per  acre  annually.  During  the  last  5  years  sugar-beet 
yielded  13*1  lbs.  per  acre  per  annum.   Lastly,  over  the  whole  31  years, 


daring  which  there  were  3  crops  of  barley,  2  years  without  any  crop, 
21  years  of  turnips,  and  5  of  sugar-beet,  the  average  annual  yield  was 
268  lbs.  of  nitrogen. 

Here,  then,  we  have  a  reduction  to  less  than  one-third  during  the 
later  compared  with  the  earlier  years,  and  to  a  lower  point  than  even 
with  either  wheat  or  barley ;  though,  during  the  whole  period,  the 
annual  yield  is  higher  than  with  either  of  the  two  gramineous  crops. 
It  may  be  mentioned  that  we  have  other  experimental  evidence  show- 
ing that  the  so-called  "  root-crops  "  exhaust  at  any  rate  the  superficial 
layers  of  the  soil  of  their  available  supplies  of  nitrogen,  more  completely 
than  perhaps  any  other  crop.  It  may  further  be  added  that  the  surface 
soil  has  shown  during  recent  years  a  lower  percentage  of  nitrogen 
to  that  of  any  of  the  other  experimental  fields.  We  have  fair 
grounds  for  concluding,  therefore,  that  if  in  the  cases  of  the  wheat  and 
the  barley  the  nitrogen  yielded  beyond  that  retained  by  the  soil  from 
the  direct  measurable  aqueous  deposits,  together  with  that  condensed 
within  the  pores  of  the  soil,  from  the  atmosphere,  be  derived  from 
previous  accumulations  within  the  soil,  so  also  may  the  excess  of  yield 
by  the  so-called  "  root-crops  "  be  accounted  for. 

We  now  come  to  the  consideration  of  the  yield  of  nitrogen  when 
plants  of  the  leguminous  family  are  separately  grown,  or  when  they, 
^d  plants  of  some  other  families,  are  grown  in  alternation,  or  in 
association,  with  the  graminese.  Table  III.  shows  the  results 
obtained  with  beans,  and  with  clover  ;  with  clover  and  barley  grown 
'n  alternation  ;  and  with  turnips,  barley,  clover  or  beans,  and  wheat, 
?rown  in  an  actual  course  of  rotation. 

Table  III. 

^^f^d  of  Nitrogen  per  Acre  per  Annum  in  Beans ^  in  Red  Clover^ 

and  in  Rotation, 


C'op.&c 


Conditions  of  Manuring,  &c. 


Duration 

of 

Experiment. 


Unmanured 


Beans 


(    I2yrs.  i847-'58 

..-^  I  I2yrs.  i859-'7o(') 

(  24yrs.  i847-'7o 


Complex  Mineral  Manure 


Average 

Nitrogen 

per  acre, 

perannum. 

lbs. 
48-1 
14-6 

31-3 


I2yrs.  1 847-' 58 
I2yrs.  i859-'7o(') 
24yrs.  i847-'7o 


61-5 
29-5 

455 


(')  9  years  Beans,  i  year  Wheat,  2  years  Fallow. 
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Crop,  &c. 


Clover  . 


Barley 
Clover 


Barley 


Conditions  of  Manuring,  &c. 


•  •  •  •  •  ■ 


Unmanured 

Complex  Mineral  Manure 


Duration 

of 

Experiment. 


Areragc 

j  Nitrogen 
I  per  acre, 
;Per  annum. 


Rotation 
7  Courses 


:-  Unmanured 


/ 


Unmanured 


After  Barley 
After  Clover 


Barley  after  Clover  more  than  \ 
after  Barley j 


22yrs.  i849-*7o(') 
22yrs.  i849-'7o(*) 

I  yr.  1873 
I  yr.  1873 

I  yr.  1874 
I  yr.  1874 


I  Turnips 
!  2  Barley 
"j  3  Clover  or  Beans  [""j  Superphos- 
(4  Wheat  J  (     phate  ... 


(Unmanured  28  yrs.  i848-'75 


28  yrs.  i848-'75 


305 
39-8 

37-3 
151*3 

391 
694 


303 
368 

45*2 


Referring  first  to  the  results  obtained  with  beans,  the  table  shows 
that  without  manure  there  was  an  annual  yield  over  the  first  12  years, 
1847 — 1858,  of  48-1  lbs.  of  nitrogen.  Over  the  next  12  years,  1859— 
1870,  it  was  reduced  to  14*6  lbs.  per  acre  per  annum.  Still,  over  the 
whole  period  of  24  years,  we  have  an  annual  yield  of  31*3  lbs.,  or 
more  than  one  and  a  half  time  as  much  as  in  either  wheat  or  barley. 

In  the  case  of  wheat  and  barley  it  was  seen  that  a  mixed  mineral 
manure  increased  the  yield  of  nitrogen  to  a  very  small  degree  only. 
Not  so  in  the  case  of  the  leguminous  crop,  beans.  During  the  first  12 
years  a  complex  mineral  manure,  containing  a  large  amount  of  potash 
— I  call  attention  to  this  fact  because  we  have  abundant  evidence  that 
it  is  the  potash  chiefly  that  is  effective — gave  61*5  lbs.  of  nitrogen  per 
acre  per  annum,  against  48*1  lbs.  obtained  over  the  same  period  with- 
out manure.  During  the  next  12  years,  the  potash  manure  gave 
295  lbs.  against  scarcely  half  as  much,  or  14*6  lbs.  without  the  potash 
manure.  And  finally,  during  the  whole  period  of  24  years,  the  potash 
manure  has  given  45-5  lbs.  of  nitrogen  per  acre  per  annum,  against 
31*3  lbs.,  or  only  about  two-thirds  as  much,  without  manure  ;  and  wc 
have  more  than  twice  as  much  yielded  by  a  potash  manure  over  a 
period  of  24  years  with  beans  than  with  either  wheat  or  barley. 


(')  6  years  Clover,  i  year  Wheat,  3  years  Barley,  x%  years  Fallow. 
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Before  calling  attention  to  the  figures  relating  to  another  leguminous 
crop — red  clover — it  should  be  mentioned  that  leguminous  crops  gene- 
rally arc,  and  clover  in  particular  is,  extremely  sensitive  to  adverse 
climatal  circumstances ;  but  clover  is  pre-eminently  sensitive  to  soil  con- 
ditions also.  Indeed,  it  is  a  fact  well  recognised  in  agriculture,  that  few 
soils  can  be  relied  upon  to  grow  a  good  crop  of  clover  oftener  than 
once  in  about  8  years ;  and  many  soils  will  not  yield  it  so  frequently.    It 
will  not  excite  surprise,  therefore,  that  in  attempting  to  grow  clover  year 
after  year  on  the  same  land,  we  have  only  succeeded  in  getting  any 
crops,  and  some  of  those  poor  ones,  in  6  years  over  a  period  of  22. 
Indeed,  the  plant  failed  seven  times  out  of  eight  during  the  winter  and 
spring  succeeding  the  sowing  of  the  seed  ;  when,  in  some  cases  a  crop 
of  wheat  or  barley  was  taken,  and  in  others  the  land  was  left  fallow. 
Hence,  over  a  period  of  22  years  we  have  had  only  6  years  of  clover, 
one  of  wheat,  three  of  barley,  and  twelve  of  fallow.     Still,  the  annual 
yield  of  nitrogen  over  the  22  years  was  30*5  lbs.  without  any  manure, 
and  39*8  lbs.,  or  nearly  one-third  more,  by  mineral  manure  containing 
potash.    Unfavourable  as  was  this  experiment  in  an  agricultural  point 
of  view,  still  it  is  seen  that  the  influence  of  the  interpolation  of  this 
leguminous  crop  has  greatly  increased  the  yield  of  nitrogen  compared 
with  that  obtained  in  either  wheat  or  barley  grown  continuously  ;  and 
that,  unlike  the  result  with  those  crops,  a  potash  manure  has  here 
again,  as  with  beans,  greatly  increased  the  yield. 

Without  attempting  for  the  moment  to  discuss  the  probable  source 
or  sources  of  this  greatly  increased  yield  of  nitrogen  by  leguminous 
as  compared  with  gramineous  crops,  I  will    simply  here  remark  in 
passing  that  we   have   no   evidence   leading  to  the  conclusion  that 
^his  increased  assimilation  is  at  the  expense  of  the  nitrogen  existing 
at  any  rate  in  the  upper  layers  of  the  soil.     In  fact,  such  initiative 
^esults  as  we  have  relating  to  the  nitrogen  in  the  soil  of  the  experi- 
>iiental  bean  field  would  rather  lead  to  the  conclusion  that  the  better 
the  crop  has  grown,  and  the  more  nitrogen  it  has  assimilated,  the 
richer  rather  than  the  poorer  in  nitrogen  (as  indicated  by  the  soda- 
lime  method)  has  the  surface  soil  become.    To  this  point,  however, 
wc  shall  have  to  recur  presently  ;  but  in  the  meantime  let  us  first  refer 
to  the  yield  of  nitrogen  in  other  cases  in  which  leguminous  crops  have 
been  interpolated  with  others. 

It  is,  indeed,  well  known  that  the  growth  and  removal  of  a  highly 
nitrogenous  leguminous  crop  is  one  of  the  best  possible  preparations 
for  the  growth  of  a  gramineous  corn  crop,  which  characteristically 
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requires  nitrogenous  manuring.    A  striking  illustration  of  this  apparent 
anomaly  is  afforded  in  the  results  next  in  order  recorded  in  the  Table  III. 

After  the  growth  of  six  corn  crops  in  succession  by  artificial  manures 
alone,  barley  was  grown  without  manure  in  1873  on  one  portion  of  the 
same  land ;  and  on  another  portion  clover  was  grown.  It  is  calculated 
that  there  were  taken  off  in  the  barley  37*3  lbs.  of  nitrogen,  and  in  the 
three  cuttings  of  clover  151*3  lbs.  Yet,  in  the  next  year,  1874,  barley 
succeeding  the  barley  gave  39*1  lbs.,  and  barley  succeeding  the  clover 
gave  69*4  lbs.  of  nitrogen  ;  or  30*3  lbs.  more  after  the  removal  of 
151-3  lbs.  in  clover  than  after  the  removal  of  373  lbs.  in  barley. 
Nor  was  this  remarkable  result  to  be  explained  by  either  accident 
or  error.  For,  determinations  of  nitrogen  in  four  separately  taken 
samples  of  the  soil,  in  the  mixture  of  the  four,  and  in  the  mixture  of 
six  others,  taken  from  each  plot  and  at  different  depths,  all  concurred 
in  showing  an  appreciably  higher  percentage  of  nitrogen,  especially 
in  the  surface  soil,  9  inches  deep,  of  the  land  from  which  the  clover 
had  been  removed  than  in  that  from  which  the  barley  had  been  taken  ; 
and  this  was  so,  although,  in  every  case,  all  visible  vegetable  debris 
had  been  carefully  picked  out.  Here,  then,  the  surface  soil  at  any  rate 
was  positively  enriched  in  nitrogen  (determinable  by  soda-lime)  by  the 
growth  and  removal  of  a  very  highly  nitrogenous  crop.  It  may  be  men- 
tioned that  Dr.  Voelcker  has  obtained  results  of  a  similar  character. 

The  results  next  to  be  considered  are  those  obtained  in  an  actual 
four-course  rotation  of  crops — namely,  turnips,  barley,  clover  or  beans, 
and  wheat.  The  experiments  have  been  conducted  through  seven 
such  courses  ;  that  is  to  say,  over  a  period  of  twenty-eight  years.  One 
portion  of  the  land,  the  results  relating  to  which  are  given  in  the  table, 
has  been  entirely  unmanured  during  the  whole  of  that  period,  and  the 
other  has  received  super-phosphate  of  lime  alone,  once  every  four 
years — that  is  to  say,  for  the  turnips  commencing  each  course  ;  but  it 
has  received  no  other  manure  throughout  the  28  years,  either  mineral 
or  nitrogenous. 

Under  these  conditions — that  is,  \\'ith  a  turnip  crop  and  a  legu- 
minous crop  interpolated  with  two  gramineous  crops — we  have,  with- 
out manure  of  any  kind,  an  average  of  36*8  lbs.  of  nitrogen  yielded 
per  acre,  per  annum  ;  or  not  far  from  twice  as  much  as  was  obtained 
with  either  of  those  cereal  crops,  wheat  or  barley,  grown  consecutively. 
With  super-phosphate  of  lime  alone,  which,  in  a  striking  degree  in- 
creased the  yield  of  nitrogen  in  the  turnips,  reduced  it  in  the  succeeding 
barley,  increased  it  greatly  in  the  leguminous  crops,  and  slightly  in 
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the  wheat  immediately  followmg  them,  we  have  the  average  annual 

yield  of  nitrogen  raised  to  45*2  lbs.  per  acre,  per  annum,  over  the 

28  years  ;  or  to  more  than  double  that  obtained  by  wheat  or  barley 

groHTi  continuously  by  mineral  manures   alone.      And   it  may  be 

observed  that  where,  in  adjoining  experiments,  no  leguminous  crop 

^f^  grown   between  the  barley  and  the  wheat,  but   the  land  was 

Allowed  instead,  the  total  yield  of  nitrogen  in  the  rotation  was  very 

n^uch  less  :  the  wheat  succeeding  the  fallow  yielding  very  little  more 

"'trogen    than    that    succeeding  the   leguminous  crops  which  had 

removed  so  much  of  it.     In  other  words,  the  removal  of  the  most 

"'g'hiy  nitrogenous  crops  of  the  rotation — beans  or  clover — has  been 

succeeded  by  a  growth  of  wheat,  and  assimilation  of  nitrogen  by  it, 

^'wiost  as  gi  eat  as  when  it  has  succeeded  a  year  of  fallow — that  is  to  say, 

^period  of  accumulation  from  external  sources,  and  no  removal  by  crops. 

One  other  illustration  must  be  given  of  the  power  of  plants  of  the 

^S^minous  and  some  other  families  to  assimilate  more  nitrogen  over 

^  ^^  ven  area  than  those  of  the  gramineous  family.    But  before  entering 

"P^n  the  bearing  of  the  results  in  question  on  this  particular  point,  it 

*'*^    be  necessary  to  digress  a  little  to  call  special  attention   to  the 

^o^ditions  of  the  experiments  under  which  the  results  were  obtained  ; 

°^    it  is  the  more  desirable  to  do  this,  since  the  most  important  of 

'^^    Lawes'  contributions  to  this  Exhibition  is  an  illustration  of  the 

^^^Its  I  am  about  to  refer  to. 

1  must  here  forestall  a  little  what  I  shall  have  to  refer  to  more  fully 

*^lier  on,  as  to  the  effects  of  characteristically  different  manuring 

^^stances  on  crops  belonging  to  different  botanical  families.     I  will 

^  briefly,  then,  that  it  is  found  that    nitrogenous   manures   have 

^erally  a  very  striking  effect  in  increasing  the  growth  of  gramineous 

^^ps  grown  separately  on  arable  land,  such  as  wheat,  barley,  or  oats, 

*    of  which  contain  a  comparatively  small  percentage  of  nitrogen, 

"^^d,  as  has  been  illustrated,  assimilate  a  comparatively  small  amount 

^  it  over  a  given  area  when  none  is  supplied  to  them  in  manure.    The 

^^ghly  nitrogenous  leguminous  crops,  on  the  other  hand,  such  as  beans, 

^^as,  clover,  and  others,  are  by  no  means  characteristically  benefited 

^y  the  use  of  direct  nitrogenous  manures,  such  as  ammonium-salts  or 

titrates,  though  nitrates  act  much  more  favourably  than  ammonium- 

^Its.     Again,  whilst,  under  equal   conditions  of  soil    and   seasons, 

mineral  without  nitrogenous  manures  increase  comparatively  little  the 

poor-in- nitrogen  gramineous  crops  that  are   grown   separately,  such 

manures,  and  especially  potash -manures,  as  has  been  seen,  increase 
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in  a  striking  degree  the  growth  of  crops  of  the  leguminous  faniih 
grown  separately,  and  coincidently  the  amount  of  nitrogen  the] 
assimilate  over  a  given  area. 

Such,  then,  is  the  result  obtained  in  the  separate  growth,  on  arabh 
land,  of  individual  plants  of  the  different  families.  Now,  in  the  mixe< 
herbage  of  permanent  grass  land,  we  may  have  fifty,  or  even  man; 
more  species  growing  together,  representing  nearly  as  many  genera 
and  perhaps  eighteen  or  twenty  natural  orders  or  families.  Of  these 
the  gramine^e  generally  contribute  the  largest  proportion  of  the  herb 
age  ;  and,  on  good  grass  land,  if  the  leguminosae  do  not  come  second 
they  are  at  any  rate  promment.  The  degree  in  which  other  order 
are  represented  may  be  very  various  indeed,  according  to  soil,  locality 
season,  and  other  circumstances.  In  Mr.  Lawes'park,  at  Rothamsted 
nearly  eighty  species  have  been  observed  ;  but  of  many  only  isolatec 
specimens,  and  it  may  be  stated  generally  that  about  fifty  species  an 
so  prominent  as  to  be  found  in  a  carefully  averaged  sample  of  the  haj 
grown  without  manure. 

Experiments  on  the  influence  of  different  manures  on  this  mixec 
herbage  were  commenced  in  1856;  at  which  time  the  herbage  wa^ 
apparently  pretty  uniform  over  the  whole  area  selected.  About  twent) 
plots,  from  one-quarter  to  one  half  an  acre  each,  were  marked  out,  o; 
which  two  have  been  left  continuously  without  manure,  and  each  ot 
the  others  has  received  its  own  special  manure,  and  as  a  rule  the  same 
description  year  after  year — and  the  experiments  have  now  been  con- 
ducted over  a  period  of  twenty  years. 

Under  this  varied  treatment,  changes  in  the  flora,  so  to  speak 
became  apparent  even  in  the  first  years  of  the  experiments  ;  and  thre« 
times  since  their  commencement,  at  intervals  of  five  years— namely, 
in  1862, 1867,  and  1872 — a  carefully  averaged  sample  of  the  produce  oJ 
each  plot  has  been  taken  and  submitted  to  careful  botanical  separation, 
and  the  percentage,  dy  weighty  of  each  species  in  the  mixed  herbage 
determined.    Partial  separations  have  also  been  made  in  other  years. 

Mr.  Lawes  has  contributed  a  large  case  of  specimens  to  the  Exhibi- 
tion, which  shows  the  botanical  composition  of  the  herbage  on  twelve 
selected  plots  in  the  seventeenth  season  of  the  experiments  (1872). 
The  quantities  of  the  different  plants  there  exhibited  represent  the 
relative  proportion,  by  weight,  in  which  each  species  was  found  in  the 
mixed  produce  of  the  different  plots ;  and  the  whole  illustrates  in  a 
striking  manner  the  domination  of  one  plant  over  another,  under  the 
influence  of  different  manures,  applied  year  after  year  on  the  same  plot 
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The  general  results  of  the  experiments  may  be  briefly  summarised 
as  follows  : — 

The  mean  produce  of  hay  per  acre  per  annum  has  ranged,  on  the 
different  plots,  from  about  23  cwt.  without  manure  to  about  64  cwt.  on 
the  plot  the  most  heavily  manured. 

The  number  of  species  found  has  generally  been  about  50  on  the 
umnanured  plots,  and  has  been  reduced  to  an  average  of  only  20,  and 
has  sometimes  been  less,  on  the  most  heavily  manured  plots. 

Species  belonging  to  the  order  Graminece  have,  on  the  average, 

contributed  about  68  per  cent,  of  the  weight  of  the  mixed  herbage 

^roMrn  without  manure ;  about  65  per  cent,  of  that  grown  by  purely 

mineral  manures  (that  is,  without  nitrogen) ;  and  about  94  per  cent. 

of  that  grown  by  the  same  mineral  manures,  with  a  large  quantity 

^^  drnmonium-salts  in  addition. 

^Jpecies  of  the  order  Leguminosct  have,  on  the  average,  contributed 

about  9  per  cent,  of  the  produce  without  manure,  about  20  per  cent. 

°^  ^Kat  by  purely  mineral  manures  (containing  potash),  and  less  than 

°*^*     per  cent  of  that  by  the  mixture  of  the  same  mineral  manures 

^^^  a  large  quantity  of  ammonium-salts. 

Species  belonging  to  various  other  orders  have,  on  the  average, 

^*^*>t.ributed  about  23  per  cent,  of  the  produce  without  manure  ;  about 

'5    ^jer  cent,  of  that  by  purely  mineral  manures,  and  only  about  6  per 

^^*^t.  of  that  by  the  mixture  of  the  mineral  manures  and  a  large  amount 

^jnmonium-salts. 

Not  only  the  amounts  of  produce,  but  the  number  and  description 

species  developed,  have  varied  very  greatly  between  the  extremes 

^Tc  quoted,  according  to  the  particular  character  or  combination  of 

[^^nure  employed,  and  to  the  character  of  the  seasons,  as  is  strikingly 

**^lastrated  by  the  arrangement  of  the  specimens  in  the  case,  which,  how- 

^^cr,  it  should  be  borne  in  mind,  show  the  composition  of  the  herbage 

^ti  the  selected  plots  in  one  particular  season  only— namely,  in  1872. 

Obviously,  these  few  remarks  can  only  very  inadequately  indicate 
^he  interest  of  these  curious  illustrations  of  the  domination  of  one 
plant  over  another  in  the  mixed  herbage  of  permanent  grass-land. 
Nor  do  we  pretend  to  be  able  to  give  a  satisfactory  explanation  of  the 
Variations  induced,  founded  on  the  obvious  or  recorded  difference  in 
above-ground  or  under-ground  character  or  habit  of  growth  of  the 
individual  species.  The  whole  of  the  results — agricultural,  chemical, 
and  botanical — obtained  during  the  twenty  years  of  the  experiments 
arc,  however,  now  in  course  of  arrangement  for  publication  ;  and  that 
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we  may  not  overlook  such  explanations  as  might  be  suggested  from 
the  point  of  view  of  the  botanist  and  vegetable  physiologist,  as  well  as 
that  of  the  chemist,  we  have  associated  with  ourselves  Dr.  Masters  in 
working  up  the  botanical  part  of  the  inquiry  ;  and  I  think  Dr.  Masters 
will  agree  with  me  in  saying  that  much  more  has  yet  to  be  known  of 
the  difference  in  the  physiological  capability,  so  to  speak,  of  the 
leaves  of  plants  of  different  species,  genera,  and  orders,  and  of  the 
difference  in  the  distribution,  and  in  the  feeding  power,  of  the  roots, 
before  satisfactory  explanations  of  the  facts  observed  can  be  given. 
Surely,  a  wide  field  of  investigation  for  the  botanist  and  vegetable 
physiologist  is  here  opened  up  to  view  ! 

Let  us  now  recur  to  the  question  of  the  various  amounts  of  nitrogen 
assimilated  over  a  given  area  by  plants  of  different  natural  orders,  and 
call  attention  to  the  facts  bearing  upon  the  point  which  these  experi- 
ments on  the  mixed  herbage  of  grass  land  have  supplied. 

In  Table  IV.  is  shown  the  average  produce  (in  the  condition  of 
hay)  in  lbs.,  per  acre,  per  annum,  over  20  years,  of  herbage  of  the 
gramineous  family,  of  herbage  of  the  leguminous  family,  and  of  herbage 
of  other  orders,  calculated  according  to  the  mean  percentage  of  each 
of  these,  determined  in  separations  at  six  periods,  namely  in  1862, 
1867,  1871,  1872,  1874,  and  1875,  in  samples  of  the  produce  of  four  of 
the  plots  which  have  received  no  nitrogenous  manure  from  the  com- 
mencement ;  and  there  is  also  given,  by  the  side  of  these  results,  the 
average  annual  yield  of  nitrogen  per  acre  over  the  first  10,  the  second 
10,  and  the  total  period  of  20  years,  in  each  case. 

Table  IV. 

Yield  of  Nitrogen  in  the  Mixed  Herbage  of  Permanent  Grass-land 

at  Rothamstcd, 


Conditions 

Average  Produce 
per  annum,  20 
1856-1875,  accor 

\f^an  T»«»rr»»nt_  nt 

per  acre 
years, 
ding  to 
6  periods 
■74.  '75- 

Average  Nitrogen  per 
Acre  per  annam. 

Plots. 

^    of.                       'i86a/67>Vr'72. 
Manuring. 

10 
years 
1856- 
1865 

lbs. 

35-1 

357 

54*4 
552 

xo 
yean 
z866- 
1875 

30 

Grami- 
neae. 

Legumi- 
nosae. 

Other 
Orders. 

years 
1856- 
1875 

3 

4-1 

8 

7 

Unmanurcd 

Superphosphate* . . . 
Complex  Min.  Man.* 
Complex  Min.  Man.' 

lbs. 

1671 
244^ 
2579 

lbs. 
219 

149 
296 

806 

lbs. 
529 

673 
639 

573   • 

lbs. 
30-9 
316 
38-5 
580 

lbs. 

33-0 

33-^ 
465 

56-6 

'  Mean  of  4  Separations  only,  namely  1863,  1867,  1873,  and  1875. 

"  Including  pota.sh  6  years,  i856-x86x ;  without  potash,  X4  years  iSda-xSjs. 

'  Including  pota&h  20  years,  1856-1875. 
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The  quantities  of  nitrogen  yielded  are  calculated  from  the  results 
of  actual  determinations  of  the  nitrogen  in  the  mixed  produce  of  the 
respective  plots  ;  but  the  estimates  of  the  quantity  of  the  produce 
referable  to  the  different  natural  orders  must  be  taken  as  only  giving 
a  general  indication  or  an  approximation  to  the  truth  ;  for,  whilst  the 
amount  of  the  total  mixed  produce  is  the  average  of  that  of  the  twenty 
years,  the  amount  of  it  referred  to  the  different  orders  is  calculated 
QpoQ  their  percentage  determined  in  six  years  only,  four  of  which  are 
among  the  last  five,  and  the  fluctuation  according  to  season  is  m  some 
cases  very  considerable,  whilst  in  others  there  is  a  progression  in  the 
changes,  which  render  an  accurate  estimate  of  the  average  botanical 
composition  of  the  herbage  over  the  whole  period  impossible.  The 
figures  do,  however,  undoubtedly  represent  the  truth  sufficiently  nearly 
for  our  present  purpose.  But  before  referring  to  the  yield  of  nitrogen, 
it  may  be  remarked,  in  passing,  how  much  greater  is  the  increase  of 
Stramineous  produce  by  the  use  of  purely  mineral  manures  in  this 
mixed  herbage  than  in  the  case  of  gramineous  crops  grown  separately* 
The  interesting  question  arises,  how  far  the  result  is  due  to  the  direct 
^on  of  the  mineral  manures  in  enabling  the  grasses  to  form  much 
^re  stem  and  seed — that  is,  the  better  to  mature— which,  as  a  matter 
*>f  fact,  they  are  found  to  do  ?  or  how  fer  the  increased  growth  is  to  be 
^plained  by  an  increased  accumulation  of  combined  nitrogen  avail- 
able for  the  grasses  in  the  upper  layers  of  the  soil,  as  the  result  of  the 
increased  growth  of  the  leguminosae  induced  by  the  potash  manure, 
^  already  illustrated  by  the  results  obtained  in  alternating  clover  and 
^fey,  and  in  an  actual  course  of  rotation  ? 

Referring  to  the  yield  of  nitrogen,  it  is  seen  that,  without  manure.. 
It  has  diminished  during  the  last  as  compared  with  the  first  lo  years  ; 
^^t  that  the  average  is  33  lbs.  per  acre,  per  annum,  or  considerably 
^ore  than  with  a  g^ramineous  crop  grown  separately. 

With  super-phosphate  of  lime  alone,  the  yield  of  nitrogen  over  the 

^^  10,  the  second  10,  and  the  20  years,  is  very  nearly  the  same  as 

Without  manure.     It  is  slightly  higher,  as  also  is  the  total  amount  of 

P'^'Hiucc ;  but  whilst  the  quantity  contributed  by  gramineous  species 

'*  "^ther  more,  that  yielded  by  leguminous  species  is  less,  and  that  by 

*P^ies  belonging  to  other  orders  more  than  without  manure. 

^Vith  super-phosphate  of  lime,  and  sulphates  of  potash,  soda,  and 
"^^ncsia,  during  the  first  6  years,  but  no  potash  during  the  last 
*^  years  (plot  8),  the  amount  of  both  gramineous  and  leguminous 
^^""bagc  is  very  much  increased  ;  and  that  of  the  leguminous  produce 
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was  especi<'illy  so  during  the  earlier  years.  The  result  is  a  yield  of 
54*4  lbs.  of  nitrogen  per  acre,  per  annum,  over  the  first  lo  years,  of  only 
38*5  lbs.  over  the  second  10  years,  and  of  46*5  lbs.  over  the  20  years. 

With  the  complex  mineral  manure,  including  potash  each  year 
throughout  the  period  of  twenty  years  (plot  7),  leguminous  species 
contribute  about  one-fifth  of  the  whole  produce,  or  very  much  more 
than  in  either  of  the  other  cases.  The  result  is  an  annual  yield  of 
55*2  lbs.  of  nitrogen  over  the  first  10  years ;  of  even  slightly  more, 
or  58  lbs.,  over  the  second  10  years  ;  and  of  56*6  lbs.  over  the  whole 
period  of  20  years— that  is,  considerably  more  than  twice  as  much  as 
would  be  yielded  by  a  gramineous  crop  grown  separately  on  arable 
land.  It  may  here  be  observed  that,  whilst  in  the  case  of  each  of  the 
first  three  plots  referred  to,  the  produce  of  the  mixed  herbage  dimi- 
nished over  the  second  as  compared  with  the  first  10  years,  that  of 
plot  7,  with  the  potash  manure,  and  so  much  leguminous  herbage, 
increased  slightly  over  the  second  compared  with  the  first  10  years. 
finally,  it  may  be  remarked  on  this  point,  how  comparatively  uniform 
is  the  average  yield  of  produce  by  all  other  species  other  than  the  gra- 
mineous and  the  leguminous  on  the  four  very  differently  manured  plots. 

Here  again,  then,  the  results  relating  to  the  growth  of  species  of 
many  different  natural  orders  growing  together,  like  those  relating  to 
the  growth  of  individual  species  grown  separately,  show  that  those 
of  the  leguminous  family,  and  probably  those  of  various  other  orders 
also,  have  the  capacity  of  assimilating  much  more  nitrogen  over  a 
given  area  than  species  of  the  order  gramineae. 

Assuming  for  the  sake  of  argument  that  the  yield  of  nitrogen  by  the 
gramineae  grown  separately  may  be  explained,  as  already  suggested, 
by  reference  to  the  amount  of  combined  nitrogen  acquired  from  the 
measured  aqueous  deposits  from  the  atmosphere,  together  with  that 
condensed  within  the  pores  of  the  soil,  and  that  derived  from  previous 
accumulations  within  it,  the  question  arises,  can  the  greatly  increased 
yield  by  other  plants  be  so  accounted  for  ?  or,  if  not,  how  otherwise 
may  it  be  explained?  We  will  endeavour  to  weigh  the  evidence 
bearing  upon  this  point. 

It  so  happens  that  the  plants  which  do  gather,  or  which  have  been 
supposed  to  gather  nitrogen  more  readily  than  the  gramineae,  have 
obviously  a  different  character  of  foliage ;  as,  for  instance,  the  ^  root- 
crops  '' — turnips  and  the  like ;  and  the  leguminous  crops — beans,  peas, 
clover,  &c.  An  obvious  explanation,  therefore,  which  will  be  found 
in  books  of  authority,  is  that  these  so  distinguished  "broad-leaved 
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plants"  have  the  power  of  taking  up  nitrogen  in  some  form  from  the 
atmosphere,  in  a  degree,  or  in  a  manner,  not  possessed  by  the  narrow- 
leaved  gramineous  plants.  It  is  true  that  Adolph  Mayer  in  Germany, 
and  Schlosing  in  France,  have  experimentally  shown  that  plants  can 
take  up  nitrogen  by  their  leaves  from  ammonia  supplied  to  them  in 
the  ambient  atmosphere.  But  I  think  I  am  right  in  saying  that  the 
conclusion  of  both  of  these  experimenters  is  that  this  action  takes 
place  in  a  very  immaterial  degree  in  natural  vegetation. 

In  reference  to  this  subject,  I  may  observe  that  the  results  of  the 
determinations  of  the  ammonia  in  the  atmosphere  by  different  experi- 
menters, and  in  different  localities,  vary  very  greatly  ;  and  it  may  be 
concluded  that  a  shower  of  rain  will  wash  out  much  of  it.  According 
to  M.  Schlosing's  statement  of  the  results  of  his  recent  determinations 
of  the  ammonia  in  the  air  of  Paris  (Compt.  Rend.  Ixxxi.  p.  1252  et  seq.), 
it  ranges  from  one  part  in  about  i2,5oo,cxx>,  to  one  part  in  about 
260,000,000  of  air  by  weight  If,  for  the  purpose  of  illustration,  we 
^sume  that,  on  the  average,  the  ambient  atmosphere  in  the  open 
country— in  Europe,  at  any  rate — will  contain  one  part  of  ammonia  in 
about  6o,ooo,cxx>  of  air,  or  one  part  of  nitrogen  as  ammonia  in  about 
50)000,000  of  air,  the  atmosphere  would  thus  contain  more  than  8,000 
times  less  nitrogen  as  ammonia  than  carbon  as  carbonic  acid.  But 
cereal  crops  contain  i  part  of  nitrogen  to  about  30  of  carbon,  and 
leguminous  crops,  i  of  nitrogen  to  15,  or  fewer,  of  carbon.  On  these 
Gumptions,  the  ambient  atmosphere  would  contain  a  proportion  of 
nitrogen  as  ammonia,  to  carbon  as  carbonic  acid,  about  267  times  less 
than  that  of  nitrogen  to  carbon  in  cereal  produce,  and  about  534 
times  (or  more)  less  than  that  in  leguminous  produce.  It  is  true 
tl^t  water  would  absorb  very  much  more  nitrogen  as  ammonia,  or 
dissolve  very  much  more  as  carbonate  or  bi-carbonate  of  ammonia, 
than  it  would  of  carbon  as  carbonic  acid  under  equal  circumstances, 
^cnce,  there  would  appear  to  be  a  compensating  quality  for  the  small 
actual  and  relative  amount  of  nitrogen  as  ammonia  in  the  atmosphere, 

• 

u»  the  greater  solubility  or  absorbability  of  the  compounds  in  which 
nitrogen  exists,  than  of  the  carbonic  acid  in  which  the  carbon  is  pre- 
sented. Further,  it  can  hardly  be  to  a  greater  mere  extent  of  leaf  or 
above-ground  surface  that  the  result  could  be  attributed.  Thus, 
though  a  bean  and  a  wheat  crop  may  yield  about  equal  amounts  of 
^^  niatter  per  acre,  the  bean  produce  would  contain  from  two  to 
three  times  more  nitrogen,  and  approximate  measurements  show  that 
a  wheat  plant  offers  a  greater  external  superficies  in  relation  to  a  given 
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weight  of  dry  substance  than  a  bean  plant,  and  greater  still  therefore 
in  relation  to  a  given  amount  of  nitrogen  fixed.  If,  then,  the  bean  can 
in  some  way  take  up  more  nitrogen  from  the  atmosphere  than  the 
wheat,  the  result  must  be  due  to  character  and  function,  rather  than 
to  mere  extent  of  surface  above  ground.  It  may,  however,  be 
observed  that,  as  a  rule,  even  those  of  the  leguminous  crops  which 
are  grown  for  their  ripened  seed,  maintain  their  green  and  succulent 
surface  over  a  more  extended  period  of  the  season  of  active  growth 
than  do  the  gramineous  com  crops. 

It  may  safely  be  asserted,  then,  that  neither  direct  experimental 
evidence,  nor  a  consideration  of  the  chemistry  and  the  physics  of  the 
subject,  would  lead  to  the  conclusion  that  the  plants  which  assimilate 
more  nitrogen  over  a  given  area  than  others,  do  so  by  virtue  of  a 
greater  power  of  absorbing  by  their  leaves  combined  nitrogen  from 
the  atmosphere  in  the  form  of  ammonia.  And  here  it  may  be  said, 
in  passing,  that  the  argument  would  be  still  stronger  against  the 
supposition  that  nitnc  acid  in  the  atmosphere  supplies  directly  to 
the  leaves  of  plants  any  important  amount  of  the  nitrogen  they 
assimilate. 

But  apart  from  the  more  purely  scientific  considerations  bearing 
upon  the  question,  we  believe  that  our  statistics  of  nitrogen-produc- 
tion are  themselves  sufficient  to  justify  the  conclusion  that,  at  any 
rate,  the  "broad-leaved"  root-crops^  turnips  and  the  like,  to  which  the 
function  has  with  the  most  confidence  been  attributed,  do  not  take  up 
any  important  proportion  of  their  nitrogen  by  their  leaves  from  com* 
bined  nitrogen  in  the  atmosphere.  Thus,  it  has  already  been  shown, 
that  the  yield  of  nitrogen  in  these  crops,  even  with  the  aid  of  complex 
mineral  manures,  was  in  the  later  years  reduced  to  a  lower  point  than 
that  in  any  other  crop  ;  the  percentage  of  nitrogen  in  the  upper 
layers  of  the  soil  was  also  reduced  to  a  lower  point  than  with  any 
other  crop.  The  evidence  of  this  kind  is,  however,  admittedly  not 
so  conclusive  in  regard  especially  to  plants  of  the  leguminous  fiunily. 

But  as  about  four-fifths  of  the  atmosphere  which  surrounds  the 
leaves  of  plants  consist  of  free  nitrogen,  why  should  not  this  be  a 
source  to  them  of  the  nitrogen  they  require  ?  To  assume  that  it  is 
so,  is  such  an  obvious  and  easy  way  out  of  so  many  difficulties,  that 
this  assumption  has  from  time  to  time  been  freely  made,  and  much 
experimental  investigation  has  been  undertaken  on  the  point,  with 
the  most  conflicting  results.  It  is  now  nearly  40  years  ago  since 
Boussingault  showed  that  there  was  a  greater  assimilation  of  nitrogen 
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over  a  given  area  in  a  rotation  of  crops  than  he  could  well  account 
for ;  and  almost  from  that  time  to  this  he  has  been  occupied  with 
investigations  of  very  various  kinds,  sometimes  on  the  atmosphere, 
sometimes  on  meteoric  waters,  sometimes  on  plants,  and  sometimes 
on  soils,  the  main  object  of  which  has  obviously  been  to  throw  light 
on  the  question  of  the  sources  of  the  nitrogen  of  vegetation.  And 
almost  for  as  long  a  period  as  Boussingault,  Mr.  Lawes  and  myself 
have  devoted  much  thought  and  investigation  to  the  same  end. 

On  this  point,  of  whether  or  not  plants  assimilate  the  free  nitrogen 
of  the  atmosphere,  leaving  out  of  view,  for  lack  of  time  and  space, 
the  experiments  and  conclusions  of  several  others  who  have  worked 
on  the  subject  on  a  less  comprehensive  scale,  I  will  first  briefly  direct 
attention  to  the  most  comprehensive  series  of  experiments,  the  results 
of  which  led  the  author  to  conclude  that  the  free  nitrogen  of  the 
atmosphere  is  taken  up  and  assimilated  by  the  leaves  of  plants. 

During  the  years  1849,  1850,  1851,  1852,  1854,  1855,  and  1856, 
M.  G.  Ville,  of  Paris,  made  numerous  experiments  on  this  subject. 
His  plants  were  generally  enclosed  in  a  glass  case,  and  his  soils 
consisted  of  washed  and  ignited  sand,  sand  and  brick,  or  sand  and 
charcoal.  They  were  sometimes  supplied  with  a  current  of  unwashed 
air,  sometimes  with  a  current  of  washed  air,  and  they  were  sometimes 
in  free  air ;  sometimes  a  known  quantity  of  ammonia  was  supplied  to  the 
^r  of  the  apparatus,  and  sometimes  known  quantities  of  nitrate  were 
applied  to  the  soil.  Lastly  a  great  variety  of  plants  was  experimented 
^pon.    M.  G.  Ville's  results  are  summarised  in  Table  V.  below. 

Table  V. 

Summofy  of  the  Results  of  M.  G.  Ville's  Experiments^  to  determine 
whether  Plants  assimilcUe  free  Nitrogen, 


Plants. 


Nitrogen— Grammes. 


In  Seed, 
and  Air; 

and 

Manure, 

if  any. 


In 

Products 

(Planu  onlyX 


Gain 

or 
Loss. 


Nitrogen 

in 
Products 

to  X 
Supplied. 


*o49:  Current  of  unwashed  air  supplying  0*00 1  grammes  Nitrogen 

as  Ammonia} 


J^^ss 

^gc  Lupins  ... 
^QiaU  Lupins  ... 


0*0260 
0*0640 
0*0640 

0*1550 


0*1470 
0*0640 
0*0470 

0*2580 


0'I2I0 

0*0000 

-0*0170 


0*1030 


5-6 
i*o 
o*7 

17 


^^cbercbes  Exp^rimentales  sur  la  V^g^Ution,  par  M.  Georges  Villk.     Paris,  1853. 
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Table  V .—continued. 

Plants. 

Nitrogen— Grammes. 

Nitrogen 

in 
Products 

to  I 
Supplied. 

In  Seed, 
and  Air ; 

and 

Manure, 

if  any. 

In 

Products 

(Plants  only). 

Gain 

or 

Loss. 

1850  :  Current  of  unwetshed  air  supplying  o'ooij  grammes  Nitroget 

as  Ammonia.^ 


Colza  (plants) 
Wheat 
Rve 
Maize 


0*0260 
00160 
0*0130 
0*0290 

0*0857 


1*0700 
0*0310 
0*0370 
0*1280 

1*2660 


I  0440 
0*01 50 
0*0240 
0*0990 

1*1803 


41*1 
1*9 
2*8 
4.4 

14*8 


1851  :  Current  of  washed  air.^ 


Sunflower 

0*0050 

0*1570 

0*1520 

31-4 

Tobacco    

0*0040 

0*1750 

0*1710 

437 

Tobacco    

0*0040 

0*1620 

0*1580 

40*5 

1852  :  Current  of  washed  cur} 


Autumn  Colza . . . 

0*0480 

0*2260 

0*1780 

47 

Spring  Wheat . . . 

0*0290 

0*0650 

0*0360 

2*2 

Sunflower 

0*0160 

0*4080 

0*3920 

25*5 

Summer  Colza... 

0*1730 

0*5950 

0*4220 

3*4 

Summer  Colza... 

0*1050 

0*7010 

0*5960 

67 

1854  :  Current  of  washed  air  {under  superintendence  of  a  Commission 

^^  m  ^99  •••  •••  ••• 


Cress... 
Cress... 


0*0099 
0*0038 
0*0039 


0*0097 
0*0530 
0*01 10 


—0*0002 
00492 
0*0071 


i-o 
13-9 

2*8 


1 854  :  Current  of  washed  air  {closed^  under  superintendence  of  a 

Commission)!^ 


\^  I  C^tf  ^*  ••         •••        ••• 

0*0063 

0*0350 

0*0287      1        5"6 

1855  and  1856  :  In  free  air^wit> 

\  0*5  grammes  Nitre  «  0069  Nitrogen 

v^olza 

v^oiza...     ...     ... 

0*0700 
0*0700 
0*0700 

dob 

ooooo 
--0*0040 
"  0*0020 

1*0 
o*9 

IX> 

1 8_5  5  and  18  56  ;  In  free  air^  with  i  gramme  Nitre  ^o'l^S  Nitrogen^ 


v«oiza.*»      ...      ... 

0*1400 

0*1970 

0*0570 

1-41 

v^oiza...      ...      ... 

0*1400 

0*3740 

0*2340 

2*67 

vyOiza..*     ...      ... 

0*1400 

0*2160 

0*0760 

I  "54 

V'Oiza. ..     ...     ... 

0*1400 

0*2500 

0*1100 

179 

'  Recherches  Exn^rimenules  sur  la  V^gtftation,  par  M.  Grorgbs  Viluc.    Paris,  1853. 
*  Compt.  rend.,  1855.    '  Recherches  Exi^rimcntales  sur  la  V6g^tatioo,  1857. 
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Table  \ .—continued. 


Plants. 


Nitrogen — Grammes 


In  Seed, 
and  Air ; 

and 

Manure, 

if  any. 


In 

Products 

(Plants  only). 


Gain 

or 
Loss. 


Nitrogen 

in 
Products 

to  I 
Supplied. 


1 856 :  In  free  air^  with  0792  grammes  Nitre  ^o-\  10  Nitrogen} 

^Vlieat      

V^beat      

0*1260 
0*1260 

0*2180 
0*2240 

0*0920 
0*0980 

17 
1*8 

1855  :  Itifr^^  <w^>  ivith  V72  gramtnes  AV/r^=«  0*238  Nitrogen} 


Wlicat 


•  •  •  •  •  • 


0*2590 


0*3080 


>'049o      I 


1*2 


1856  :  In  free  air^  with  1*765  gratnmes  iV/7r^  «  0*244  Nitrogen} 


^V^heat 
Wlieat 


—  0*0480 
4  0*0850 


o*8 
1*3 


We  have  already  discussed  the  results  of  M.  G.  Ville,  as  well  as 
those  of  others,  in  a  paper  published  in  the  Philosophical  Transac- 
tions {kh  1859,  and  in  a  somewhat  condensed  form  in  i}\t  Journal  of 
^  Chemical  Society,  vol.  xvi.  1863  ;  and  we  can  only  very  briefly 
f^er  to  them  in  this  place.     The  column  of  actual  gain  or  loss  of 
nitrogen  is  seen  to  show  in  cne  case  a  gain  of  more  than  i  gram  of 
nitrogen ;  the  amount  of  it  in  the  products  being  more  than  41  fold 
"^t  supplied  as  combined  nitrogen  in  the  seed,  and  air.     This  result 
'^as  obtained  with  colza.    Those  obtained  with  wheat,  rye,  or  maize, 
snowed  very  much  less  of  both  actual  and  proportional  gain.    Experi- 
ments with  sunflower  and  tobacco  showed  a  less  actual  gain  than 
that  with  colza  ;  but  still  it  amounted  in  one  case,  with  sunflower,  to 
n^ore  than  30,  and. in  two,  with   tobacco,  to   more  than  40  fold  of 
^"^t  supplied.     In  M.  G.  Ville's  later  experiments  (as  a  glance  down 
^^  last  two  columns  in  the  table  will  show),  although  he  still  had 
^deially  some  gain,  it  was  usually  both  actually  and  in  proportion  10 
^  quantity  supplied  considerably  less  than  in  his  earlier  ones. 

^>  G.  Ville  attributed  the  gain,  in  some  cases,  to  the  large  leaf- 

*^'^cc.     In   explanation   of  the  assimilation  of  free   nitrogen  by 

P|^nts,  he  calls  attention  to  the  fact  that  nascent  hydrogen  is  said  to 

^^^  ammonia,  and  nascent  oxygen  nitric  acid,  with  free  nitrogen, 

^^  he  asks — Why  should  not  the  nitrogen  in  the  juices  of  the  plant 


'  Recherches  Exp^iimentales  sur  la  V<5g^tAtion,  1857. 
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combine  with  the  nascent  carbon  and  oxygen  in  the  leaves?  He 
refers  to  the  supposition  of  M.  De  Luca,  that  the  nitrogen  of  the  air 
combines  with  the  nascent  oxygen  given  off  by  the  leaves  of  plants, 
and  to  the  fact  that  the  juice  of  some  plants  (mushrooms)  has  been 
observed  to  ozonize  the  oxygen  of  the  air,  and  he  asks — Is  it  not 
probable,  then,  that  the  nitrogen  dissolved  in  the  juices  will  submit 
to  the  action  of  the  ozonized  oxygen  with  which  it  is  mixed,  when  we 
bear  in  mind  that  the  juices  contain  alkalies,  and  penetrate  tissues, 
the  porosity  of  which  exceeds  that  of  spongy  platinum  ? 

The  experiments  of  M.  Boussingault,  and  of  ourselves,  on  the  other 
hand,  have  not  given  an  affirmative  answer  to  the  question  whether 
plants,  by  their  leaves,  take  up  and  assimilate  the  free  nitrogen  of  the  air. 

M.  Boussingault  commenced  his  experiments  on  this  subject  in 

1837,  and  Table  VI.,  which  follows,  summarises  his  results,  obtained 

at  intervals  from  that  date  up  to  1858. 

Table  VI. 

Summary  of  the  Results  of  M.  BoussiNGAULT*s  Experiments^  to 
determine  whether  Plants  assimilate  free  Nitrogen, 


Plants. 


Nitrogen — Gnunmes. 


In  Seed, 
or  Plants  : 

and 

Manure, 

if  any. 


Nitrogen 

in 
Products 

to  I 
Snpfrfied. 


1837  :  Burnt  soil^  distilled  water^  free  air^  in  closed  summer-house,* 


Trefoil       

O'lIOO 

0*1 200 

+  O-OIO0 

I-09 

Trefoil       

o'l  140 

01 560 

••-  0X>420 

1*37 

Wheat      

0-0430 

0*0400 

-0*0030 

0-93 

Wheat      

005 /O 

o*o6oo 

+  0*0030 

1-05 

1838  :  Conditions  as  in  1837.' 


JL    ^^C»3     •  •  •  •  •  •  •  4 

Trefoil  (Plants) 
Oats  (Plants)   . 


0*0460 
0*0330 
0*0590 


o-ioio 
0*0560 
0*0530 


+  0*0550 
+  0x5230 
—0*0060 


2*20 
170 
0*90 


1851  and  '52  :   Washed  and  ignited  pumice  with  ashes,  distilled  water ^ 
limited  airy  under  glass  sluuUy  with  Carlwnic  Acid^ 


Haricot,  185 1  ... 

0*0349 

0*0340 

-0*0009 

097 

Oats,  1851 

0*0078 

0*0067 

-O'OOII 

0*86 

Haricot,  1852  ... 

OX>2IO 

00189 

-0-002I 

0*90 

Haricot,  1852  ... 

0*0245 

0*0226 

-0*0019 

0*92 

Oats,  1852 

0*00^1 

0*0030 

-OXXX)I 

0*97 

'  In  the  case  of  the  1837  and  1838  experiments,  the  nitrc^en  "  In  Pcoducts  **  teems  to  have 
included  only  that  in  the  plants ;  m  the  other  cases  that  in  plants  and  soil,  or  plants,  soil,  amf 
pot.       -  Ann.  Ch.  Phys.,  [2J  lx>ni.  (1838X       '  ^bid.  Ixix.      •  Ann.  Ch.  Phys,,  [3]  xU.  (1854)- 
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Table  VI. — continued* 


N  itrogen — G  rammes. 


In  Seed, 
or  Plants ; 

and 

Manure, 

if  any. 


In 
Products.' 


Gain 

or 
Loss. 

Nitrogen 

in 
Products 

to  I 
Supplied. 

'^53 :  Prepared  pumice^  or  burnt  brick,  with  ashes ;  distilled  water, 
limited  air,  in  glass  globe,  with  Carbonic  Acid,'^ 


J^Jite  Lupin 


M'k 


^h 


Uc  Lupin 


t,  J'tc  Lupin   . 

^^Jjtc  Lupin  . 
;7^nc  Lupin  . 
^'^'^rf  Haricot 


D 


r; 


.  *^^rf  Haricot 


S*"^en  Cress  ... 


^^^K 


%te  Lupin 


ox>48o 
0*1282 
00349 

0-0200 

0*0399 

0-0354 

0*0298 
0*0013 
0*1827 


18 


00483 
0*1246 
0*0339 
0*0204 
00397 
0*0360 
00277 
0*0013 
0*1697 


+  0*0003 

roi 

-  0*0036 

0*97 

-o-ooio 

o*97 

+  0*0004 

I -02 

-0-0002 

i*oo 

+  o*ooo6 

1*02 

-  0-002 1 

o*93 

O'OOOO 

i*oo 

-00130 

o*93 

I    -^pin 
03^4  pin 
^«ss... 


0*0196 
0*0322 
0*0335 
00339 
0*0676 
0*0180 
0*0175 
0*0046 


:  Prepared  pumice  with  ashes,  distilled  water,  current  of  washed 
air,  and  Carbonic  Acid,  in  glazed  case} 

|\  ^^"vl  I*  •••  ■••  ••• 

j^  ^^^arf  Haricot 
I^  ^^^rf  Haricot 
1^  ^^arf  Haricot 
I     "^^arf  Haricot 


-0*0009 

4  0*0003 
+  00006 
-0*0010 
-0*0010 


-  0*002 1 
+  0*0006 


095 
101 
1*02 

097 
099 


o*94 
113 


^  51,  '52,  '53,  and*  Si  :  Prepared  soil,  or  pumice  with  ashes;  distilled 
^^^^  water,  free  air,  under  glased  case} 


^aricot  (dwarf),  185 1 

:^aricot,  1852 

^aricot,  1853 

0*0349 

0*0380 

+  0*0031 

1*09 

0*0213 

0*0238 

+  0*0025 

1*12 

0*0293 

0*0270 

-  0*0023 

0*92 

Jiaricot  (dwarf),  1854 

0*0318 

0*0350 

+  0*0032 

110 

X^upin  (white),  1853... 

00214 

0*0256 

+  00042 

1-20 

X^upin,  1854     

0*0199 

0*0229 

+  0*0030 

1*15 

Lupin,  1854     

0*0367 

00387 

+  0*0020 

105 

Oats,  1852        

0-C03I 

00041 

+  0*0010 

1*32 

\Vheat,  1853    

0*0064 

0*0075 

+  0*0011 

117 

Garden  Cress,  1854... 

• 

0*0259 

0*0272 

+  0*0013 

1*05 

1858  :  Nitrate  of  Potash  as  Manure} 


Helianthus... 


{ 


-0*0014 
—  0*0010 


0*90 
096 


'  In  all  cases  the  nitrogen  "  In  Products  "  included  that  in  plants  and  soil,  or  plants,  soil, 

^"    ~ "    '  »  Ann.  Ch.  Phys.,S<r.  l3]xliii.  (18^5)- 

Titrate. 


lU  «11  V»C^    l«4«    IIIUIVHCII  mil    «^  IVrUUt.fcl         III<,IUUCVI    VflMl    III 

and  pot.  *  Ann.  Ch.  Phys.,  [3]  xlL  (1854).  *  Ann.  C 

•  Compt.  rend.,  xlvii.  (1858).  *  Nitrugen  in  Seed  and  Ni 
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M.  Boussingault's  soils  consisted  of  burnt  soil,  washed  and  ignited 
pumice,  or  burnt  brick  ;  his  experiments  were  sometimes  in  free  air, 
sometimes  in  a  closed  vessel  with  limited  air,  sometimes  with  a  current 
of  washed  air,  and  sometimes  in  free  air,  but  under  a  glass  case.  When 
the  plants  were  enclosed,  a  supply  of  carbonic  acid  was  provided,  and 
in  a  few  cases  known  quantities  of  nitre  were  supplied  as  manure. 

The  last  two  columns  of  the  Table  (VI.)  show  the  actual  and  pro- 
portional gain  of  nitrogen  in  M.  Boussingault's  experiments.  It  will 
be  observed  that  in  his  earliest  experiments,  those  in  free  air,  in  a 
summer  house,  the  leguminous  plants,  trefoil  and  p«*as,  <iid  indicate  a 
notable  gain  of  nitrogen  ;  but  in  all  his  subsequent  experiments 
there  was  generally  either  a  slight  loss,  or,  if  a  gain,  it  was  represented 
in  only  fractions,  or  low  units,  of  milligrams.  After  twenty  years  of 
varied  and  laborious  investigation  of  the  subject,  M.  Boussingault 
concluded  that  plants  have  not  the  power  of  taking  up  and  assimi- 
lating the  free  nitrogen  of  the  atmosphere. 

Our  own  experiments  on  this  subject  were  commenced  in  1857, 
and  the  late  Dr.  Pugh,  of  the  Pennsylvania  State  Agricultural  College, 
devoted  between  two  and  three  years  to  the  investigation  at  Rotham- 
sted.  Mr.  Lawes  has  contributed  one  complete  set  of  the  apparatus  em- 
ployed to  this  Exhibition.  The  arrangement,  and  the  results  obtained  up 
to  that  date,  are  fully  described  in  the  papers  already  referred  to,  published 
in  the  Philosophical  Transactions  for  1859,  and  in  the  Journal  of  the 
Chemical  Society  in  1 863.   They  may  be  briefly  described  as  follows  :— 

The  soils  used  were  ignited,  washed,  and  re-ignited,  pumice,  or  soiL 
The  specially  made  pots  were  ignited  before  use,  and  cooled  over 
sulphuric  acid  under  cover.  The  pots,  with  their  plants,  were 
enclosed  under  a  glass  shade  resting  in  the  groove  of  a  specially 
made  hard-baked  glazed  stone-ware  lute-vessel,  mercury  being  the 
luting  material.  Under  the  shade,  through  the  mercury,  passed  one 
tube  for  the  admission  of  air,  another  for  its  exit,  and  another  for  the 
supply  of  water  or  solutions  to  the  soils  ;  and  there  was  an  outlet  at 
the  bottom  of  the  lute-vessel  for  the  escape  of  the  condensed  water 
into  a  bottle  affixed  for  that  purpose,  from  which  it  could  be  removed 
and  returned  to  the  soil  at  pleasure.  A  stream  of  water  being  allowed 
to  flow  into  a  large  stone-ware  WolfFs  bottle  (otherwise  empty),  air 
passed  from  it  through  two  small  glass  Wolffs  bottles  containing 
sulphuric  acid,  then  through  a  long  tube  filled  with  fragments  of  pumice 
saturated  with  sulphuric  acid,  and  lastly  through  a  WolfTs  bottle 
containing  a  saturated  solution  of  ignited  carbonate  of  soda  ;  and, 
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after  being  so  washed,  the  air  enters  the  glass  shade,  from  which  it 
passes,  by  the  exit  tube,  through  an  eight  bulbed  apparatus  containing 
sulphuric  acid,  by  which  communication  with  the  unwashed  external 
air  is  prevented.  Catbonic  acid  is  supplied  as  occasion  may  require, 
by  adding  a  measured  quantity  of  hydrochloric  acid  to  a  bottle  con- 
taining firagments  of  marble,  the  evolved  gas  being  passed  through 
one  of  the  bottles  of  sulphuric  acid,  through  the  long  tube,  and 
through  the  carbonate  of  soda  solution,  before  entering  the  shade. 

It  will  be  observed  that,  by  the  arrangement  described,  the  washed 
air  is  forced,  not  aspirated,  through  the  shade,  and  the  pressure  being 
thus  the  greater  within  the  vessel,  the  danger  of  leakage  of  unwashed 
air  from  without  inwards  is  lessened.  In  1857,  twelve  sets  of  such 
apparatus  were  employed  ;  in  1858  a  larger  number,  some  with  larger 
lute-vcssels,  and  shades  ;  in  1859  six,  and  in  i860  also  six.  The 
*hole  were  arranged,  side  by  side,  in  the  open  air,  on  stands  of  brick- 
work, as  described  in  the  papers  referred  to,  and  shown  in  the  apparatus 
exhibited.  Drawings  of  some  of  the  plants  grown  were  also  exhibited, 
^d  the  published  results  are  summarised  in  Table  VII. 

Table  VII. 
Nummary  of  the  Results  of  Experiments  made  at  Rotkamsted,  to 
determine  whether  Plants  assimilate  Free  Nitrogen, 


J^itk 


Nitrogen  —Grammes. 


In  Seed, 

and 
Manure 
if  any. 


In 

Plants, 

Pot  and 

SoU. 


Gain 

or 
Loss. 


Nitrogen 

in 
Products 

to  I 
Supplied. 


NO  cotnbined  Nitrogen  supplied  beyond  that  in  the  seedjown. 
r  Wheat 


^"■^^^iues. 


1857. -{  Barley 
I  Barley 

r  Wheat 

<  1858.*^  Barley 

I.  Oats  . 


I 


1858. /Wheat  . 
A}    \Oats  .  . 

1857.  Beans  . 


0*0080 
0*0056 
0*0056 

0*0078 
0*0057 
00063 

0*0078 
0*0064 


0*0072 
0*0072 
0*0082 

o*oo8i 
0*0058 
00056 

0*0078 
00063 


'Sumi 


inosae. 


0*0796  '  0*0791 


-0*0008 
+  0*0016 
+  00026 

+  0*0003 
+  o*ocoi 
-0*0007 


0*90 
1*29 
1*46 

1*04 
I  02 
089 


ffipfi  /Beans   .  '  0*0750 
'*5«-'\^Peas  .  .     00188 


0th 


cr  Plants 


.     1858.  {J^J 


Buck    1 


0*0757 
00167 


heat  / 


o*o2oo     0*0182 


0*0000  I  *oo 

-0*0001  I  098 

I 

—0*0005  I  o*99 

+  0*0007  i  roi 

-0*2021  0*89 


-00018  '    0-91 


I'hese  experiments  were  conducted  in  the  apparatus  of  M.  G.  Ville. 
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Table  V\\.— continued. 


Nitrogen-  Grammes. 


In  Se«d| 

and 

Manure 

if  any. 


Nitrogen 

in 
Products 

to  I 
Supi^ied. 


With  combined  Nitrogen  supplied  beyond  thcU  in  the  seed  sown. 


1857. 


r  Wheat 
J  Wheat 
Barley 
Barley 


Gramineae.  .  { 


\%l%.< 


Wheat 

Barley 

^Oats  . 


i858.< 

A' 


Wheat 

Barley 

,Oats  . 


Leguminosa;. 


Peas  . 
Clover 


0*0329 

0*0329 

;  0-0326 

0-0268 

:  0*0548 
0*0496 

0*0312 

j 

0-0268 
0*0257 
0*0260 


0-0227 
0*07 1 2 


1858. 1 
I  1858.     Beans   .    0-07 11 


I 

Other  Plants.     1 858.  |  ^^^^  } ;  0*0308 


0*0383 
0-0331 
0-0328 
0-0337 

0*0536 
0*0464 
0*0216 

0*0274 
0*0242 
0*0198 

0'02II 

0*0665 
0*0655 


0-0292 


+  0*0054 
+  0*0002 
+  0*0002 


i*i6 
1*01 

I 'Of 


+  0*0069  '  1*25 

-0*0012  !  0*98 

-0*0032  1  0*94 

-0*0096  0*69 

+  0*0006   j  I*02 

-0*0015  j  0*94 

-0-0062  0*76 


-  o*ooi6 
-0*0047 

-0*0056 


-0*0016 


o*93 
o*93 

0*92 


0-95 


The  upper  part  of  the  table  shows  the  results  obtained  in  1857  and 
1858  in  the  experiments  in  which  no  combined  nitrogen  was  supplied 
be>  ond  that  contained  in  the  seed  sown.  The  drawings  show  how 
extremely  restricted  was  the  growth  under  these  conditions,  and  the 
figures  in  the  table  show  that  neither  with  the  gramineae,  the  legumi- 
nosae,  nor  with  buckwheat,  was  there  in  any  case  a  gain  of  three 
milligrams  of  nitrogen  indicated.  In  most  cases  there  was  much  less 
gain  than  this,  or  a  slight  loss.  There  was  in  fact  nothing  in  these 
results  to  lead  to  the  conclusion  that  either  the  gramineae,  the  legu- 
minosae,  or  the  buckwheat  had  assimilated  free  nitrogen. 

The  lower  part  of  the  table  shows  the  results  obtained  in  1857  and 
1858,  in  the  experiments  in  which  the  plants  were  supplied  with  known 
quantities  of  combined  nitrogen  in  the  form  of  a  solution  of  ammonium 
sulphate  applied  to  the  soil  The  gains  or  losses  range  a  little  higher 


'  Thcbe  experiments  were  conducted  in  tlie  apparatuk  of  M.  G.  Villc. 
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in  these  experiments,  in  which  larger  quantities  of  nitrogen  were  in- 
volved, but  they  are  always  represented  by  units  of  milligrams  only, 
and  the  losses  are  higher  than  the  gains.     Further,  the  gains,  such  as 
they  are,  are  all  in  the  experiments  with  the  gramineae,  whilst  there  is 
in  each  case  a  loss  with  the  leguminosse,  and  with  the  buckwheat. 
On  this  point  it  should  be  stated  that  the  growth  was  far  more  healthy 
^ith  the  gramineae  than  with  the  leguminosae,  which  are  even  in  the 
open  fields  very  susceptible  to  the  vicissitudes  of  heat  and  moisture, 
SLud  were  found  to  be  extremely  so  when  enclosed  under  glass  shades. 
It  might  be  objected,  therefore,  that  the  negative  results  with  the 
leguminosae  are  not  so  conclusive  as  those  with  the  gramineae.     How- 
ever this  may  be,  taking  the  results  as  they  stand,  there  is  nothing 
whatever  in  them  to  lead  to  the  conclusion  that  either  the  gramineae 
or  the  leguminosae  can  take  up  and  assimilate  the  free  nitrogen  of  the 
atmosphere.    We,  indeed,  do  not  hesitate  to  conclude  from  our  own 
experiments,  as  Boussingault  did  from  his,  that  the  evidence  is  strongly 
against  the  supposition  that  plants  can  so  avail  themselves  of  the  free 
'Jitrogen  of  the  atmosphere. 

Independently  of  the  action  suggested  as  possible  by  M.  G.  Ville, 

^hat  is  between  free  nitrogen  and  nascent  or  ozonized  oxygen  within 

^he  plant  itself,  it  has  been  supposed  that  the  free  nitrogen  of  the 

Atmosphere  may  unite  with  the  nascent  oxygen,  or  ozone,  as  the  case 

^ay  be,  evolved  by  the  plant,  and  so  yield  nitric  acid.     In  our  papers 

^bove  referred  to  we  have  given  reasons  for  supposing  that  such  actions 

^re  not  likely  to  take  place  ;  but  whether  they  do  or  do  not,  it  is  at 

%ny  rate  certain  than  in  our  own  experiments  we  have  not  been  able  to 

^^ersuade  plants  to  avail  themselves  of  this  happy  faculty  of  producing 

't:beir  own  nitrogenous  food.    With   regard  to  the  action  supposed 

lx>ssibly  to  take  place  externally  to  the  plant  itself,  if  it  were  in  any 

material  degree  operative,  we   should  expect  some,  at  least,  of  the 

resulting  combined  nitrogen  to  be  collected  in  the  aqueous  deposits 

from  the  atmosphere  ;  but  we  have  seen  how  inadequate  is  the  amount 

t>{  combined  nitrogen  in  those  deposits  to  account  for  the  yield  of 

nitrogen,  even  of  the  gramineae,  and  still   less  can  it  satisfactorily 

explain  the  yield  in  the  leguminosse  and  other  plants. 

But  if  the  plant  itself  cannot  either  assimilate  free  nitrogen,  or 
effect  its  combination  so  as  to  bring  it  into  a  state  for  its  use,  may  not 
such  combination  take  place  under  the  influence  of  the  soil  ? 

More  than  30  years  ago,  Mulder  argued  that  in  the  last  stages  of 
decomposition  of  organic  matter  in  the  soil,  hydrogen  was  evolved, 
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and  that  this  nascent  hydrogen  combined  with  the  free  nitrogen  of  the 
air,  and  so  formed  ammonia. 

A  few  years  ago  Dehdrain  substantially  revived  this  view.  He 
maintained  that  at  a  certain  depth  the  air  of  the  soil  is  poor  in,  or 
destitute  of,  oxygen  ;  that  hydrogen  is  evolved  from  the  decomposing 
organic  matter ;  that  it  unites  with  free  nitrogen  to  form  ammonia  ; 
and,  that  so,  combined  nitrogen  increases  in  the  soil  in  spite  of  the 
growth  and  removal  of  crops.  This  view  he  supports  by  some 
laboratory  experiments. 

It  is  obvious  that  if  the  reality  of  this  action  in  soils  were  unques- 
tionably established,  it  would  greatly  aid  the  solution  of  the  question 
we  are  discussing.  There  are,  indeed,  results  of  others  on  record 
which  would  seem  to  lend  it  probability. 

Thus,  Bretschneider  found,  on  exposure  of  a  mixture  of  humic  acid 
and  quartz  sand  to  the  air  for  a  whole  year,  under  conditions  in  which 
it  was  protected  from  rain  and  insects,  that  there  was  a  gain  of  com- 
bined nitrogen  which  would  represent  an  increase  of  more  than  40  lbs. 
per  acre. 

Again,  Boussingault  exposed  a  moist  garden  soil  for  three  months, 
and  found  a  small  gain  of  nitrogen.  His  explanation,  was,  however, 
different.  He  supposed  it  possible  that  ozone  might  be  evolved  in  the 
oxidation  of  organic  matter  in  the  soil,  and  unite  with  free  nitrogen, 
and  so  nitric  acid  be  produced,  and  the  soil  gain  in  combined  nitrogen. 
In  other  experiments  Boussingault  put  mixtures  of  vegetable  mould  and 
pure  sand  in  small  quantities  in  large  glass  vessels  which  he  perfectly 
closed  and  preserved  in  a  dark  cellar  for  a  whole  year.  At  the  end  of 
that  period  oxidation  of  organic  matter  had  taken  place,  nitric  acid 
was  formed,  but  there  was  upon  the  whole  a  small  loss  of  combined 
nitrogen.  Lastly  in  regard  to  Boussingault's  results  bearing  upon  this 
point,  it  has  already  been  shown  that  in  all  of  his  experiments  with 
plants  in  which  his  soils  consisted  of  ignited  pumice,  ignited  brick, 
or  the  like,  without  organic  matter,  he  found  no  gain  of  combined 
nitrogen  in  soil  and  plant  In  1858  and  1859,  however,  he  made  a 
number  of  experiments  on  growth,  in  which  part  of  the  soil  consisted 
of  rich  garden  mould ;  and  in  two  cases  with  lupins  growing  in  con- 
fined air,  and  in  one  with  haricot  growing  in  free  air,  his  results  showed 
a  notable  gain  of  combined  nitrogen ;  and  although  the  quantity  of 
garden  mould  employed  was  not  the  same  in  the  three  cases,  the 
gain  of  nitrogen  was  approximately  in  proportion  to  the  amount  of 
soil  used.    The  gain  was,  indeed,  in  the  soil  rather  than  in  the  plant 
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In  the  other  experiments,  however,  either  much  less,  or  no  gain  was 
indicated 

Much  more  recently,  Boussingault  has  published  the  results  of  experi- 
ments which  showed  that  when  a  garden  soil  was  confined  for  about 
II  years  in  closed  glass  vessels  in  an  atmosphere  containing  oxygen, 
the  free  nitrogen  did  not  serve  for  the  formation  of  nitric  acid  within 
it;  but,  on  the  contrary,  the  soil  lost  a  portion  of  its  combined 
nitrogen. 

Since  the  delivery  of  this  lecture,  M.  Berthelot  (Compt.  Rend,  T. 
^ii.  p.  1,357)  has  stated  that  in  experiments  in  which  he  exposed 
moistened  cellulose  to  an  electric  current  in  an  atmosphere  of  nitrogen, 
^c  found  nitrogen  taken  up,  and  a  fixed  nitrogenous  body  formed. 
Referring  to  the  last  mentioned  experiments  of  M.  Boussingault,  and  his 
conclusions  from  them,  M.  Berthelot  objects  that  the  soils  being  in 
dosed  glass  vessels,  the  intervention  of  atmospheric  electricity  was 
excluded,  and  the  conditions  of  the  experiments  were,  so  far,  unlike 
^osc  of  a  natural  soil. 

Being  very  desirous  to  know  the  present  opinion  of  M.  Boussingault 

^^  the  various  points  involved  in  this  important  question  of  the  sources 

^^  the  nitrogen  of  vegetation,  I  wrote  to  him  shortly  after  undertaking 

^^  ^ve  this  address,  and  asked  whether  he  would  be  kind  enough  to 

**^our  me  with  a  statement  of  his  views  on  certain  points.     Unfortu- 

"^tely  his  reply  did  not  reach  me  until  after  the  delivery  of  the  lecture  ; 

^t,  ivith  his  permission,  I  am  now  enabled  to  contribute  a  very  valuable 

*^^Uion  to  the  discussion  in  the  form  of  a  translation  of  the  more 

^ntial  parts  of  M.  Boussingault's  letter.     He  says  : — 

**  (i.)  In  confined  stagnant  air,  or  in  air  moving  through  a  closed 

'^P^ratus,  after  previous  purification,  but  still  containing  carbonic  acid, 

P*^^ts  growing  in  a  soil  destitute  of  nitrogenous  manure,  but  contain- 

'^^  the  mineral  substances  indispensable  for  the  vegetable  organism, 

^    not  assimilate  the  nitrogen  which  is  in  a  gaseous  state  in  the 

^^^osphere." 

**(2.)  In  the  open  air,  in  a  soil  destitute  of  nitrogenous  manure,  but 

^^ntaining  the  mineral  substances  necessary  for  the  vegetable  organism, 

plants  acquire  very  minute  quantities  of  nitrogen,  arising,  no  doubt, 

^^om  minute  proportions  of  fertilising  nitrogenous  ingredients  carried 

^y  the  air,  ammoniacal  vapours,  and  dust,  always  containing  alkaline 

t)r  earthy  nitrates." 

"(3.)  In  confined  stagnant  air,  or  in  air  renewed  in  a  closed  appa- 
ratus, a  plant  growing  in  a  soil  containing  a  nitrogenous  manure,  and 
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mineral  substances  necessary  for  the  vegetable  orgaaism,  or  in  fertile 
vegetable  earth,  does  not  assimilate  free  nitrogen." 

"  (4.)  In  field  culture,  where  dung  is  applied  in  ordinary  quantities, 
analysis  shows  that  there  is  more  nitrogen  in  the  crops  than  was  con- 
tained in  the  manure  applied." 

"  This  excess  of  nitrogen  comes  from  the  atmosphere,  and  from  the 
soil." 

"(A.)  From  the  atmosphere,  because  it  furnishes  ammonia  in  the 
form  of  carbonate,  nitrates  or  nitrites,  and  various  kinds  of  dust 
Theodore  de  Saussure  was  the  first  to  demonstrate  the  presence  of 
ammonia  in  the  air,  and  consequently  in  meteoric  waters.  Liebig 
exaggerated  the  influence  of  this  ammonia  on  vegetation,  since  he 
went  so  far  as  to  deny  the  utility  of  the  nitrogen  which  forms  a  part 
of  farm-yard  manure.  This  influence  is,  nevertheless,  real,  and  com- 
prised within  limits,  which  have  quite  recently  been  indicated  in  the 
remarkable  investigations  of  M.  Schlosing.' 

"  (B.)  From  the  soil,  which,  besides  furnishing  the  crops  with  mineral 
alkaline  substances,  provides  them  with  nitrogen,  by  ammonia,  and  by 
nitrates,  which  are  formed  in  the  soil  at  the  expense  of  the  nitrogenous 
matters  contained  in  diluvium,  which  is  the  basis  of  vegetable  earth  ; 
compounds  in  which  nitrogen  exists  in  stable  combination,  only  be- 
coming fertilising  by  the  effect  of  time.  If  we  take  into  account  their 
immensity,  the  deposits  of  the  last  geological  periods  must  be  con** 
sidered  as  an  inexhaustible  reserve  of  fertilising  agents.  Forests, 
prairies,  and  some  vineyards,  have  really  no  other  manures  than  what 
are  furnished  by  the  atmosphere,  and  by  the  soil.  Since  the  basis  of 
all  cultivated  land  contains  materials  capable  of  giving  rise  to  nitro- 
genous combinations,  and  to  mineral  substances,  assimilable  by  plants, 
it  is  not  necessary  to  suppose  that  in  a  system  of  cultivation  the  excess 
of  nitrogen  found  in  the  crops  is  derived  from  the  free  nitrogen  of  the 
atmosphere.  As  for  the  absorption  of  the  gaseous  nitrogen  of  the  air 
by  vegetable  earth,  I  am  not  acquainted  with  a  single  irreproachable 
observation  that  establishes  it ;  not  only  does  the  earth  not  absorb 
gaseous  nitrogen,  but  it  gives  it  off,  as  you  have  observed  in  con- 
junction with  Mr.  Lawes,  as  Reiset  has  shown  in  the  case  of  dung, 
as  M.  Schlosing  and  I  have  proved  in  our  researches  on  nitrifica- 
tion." 

"  If  there  is  one  fact  perfectly  demonstrated  in  physiology,  it  is  this 
of  the  non -assimilation  of  free  nitrogen  by  plants  ;  and  I  may  add  by 
plants  of  an  inferior  order,  such  as  mycoderms,  and  mushrooms.** 
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Numerous  experiments  of  Schldsing  indicate  a  similar  result  to 
that  last  quoted  of  Boussingault.    He  selected  a  soil  rich  in  humus, 
containing  about    i6  per  cent   of  moisture,  and  0*263  P^r  cent, 
of  combined  nitrogen*    Known  quantities  of  it  were  placed  in  large 
wide  glass  tubes,  and  during  a  period  of  about  four  months,  he 
aspirated  over  them  air  containing  respectively  from  1*5  to  2X  per 
cent  of  oxygen.     He  determined  the  carbonic  acid  in  the  air  pas- 
^ng  off,  and  the  nitric  acid  in  the  soil  before  and  after  the  experiment. 
He  found  that  both  the  combustion  of  the  oi;ganic  matter,  and  the  for- 
mation of  nitric  acid,  were  very  considerable,  even  with  the  lowest  pro- 
portion of  oxygen  in  the  air ;  but  that  the  formation  of  the  nitric  acid 
'0  particular  was  very  much  the  greater,  the  larger  the  proportion  of 
oxygen  in  the  air. 

In  a  second  set  of  experiments,  he  used  the  soil  in  a  moister  con- 
dition ;  and  instead  of  the  experiment  in  which  the  air  contained  only 
''5  of  oxygen,  he  employed  pure  nitrogen ;  and  the  experiments 
tended  over  a  period  of  about  six  months.  In  the  case  in  which 
^  aspirated  ^r  contained  no  oxygen,  the  whole  of  the  nitric  acid 
Pi^viously  existing  in  the  soil  disappeared ;  but  in  the  other  cases 
there  was  a  considerable  formation  of  nitric  acid. 

In  a  third  set  of  experiments,  Schldsing  determined  the  nitric  acid 
^  the  soils,  and  added  known  quantities  of  potassium  nitrate  in  a 
c^Iute  solution.  The  mixture  was  enclosed  in  a  flask  of  several  times 
the  capacity  of  the  volume  of  soil.  At  the  conclusion  of  the  experi- 
ii'^dit  only  traces,  if  any,  of  gas  containing  hydrogen  and  carbon  were 
Pi^sent  in  the  air  of  the  vessel    The  amount  of  ammonia  in  the  soil 

• 

increased  considerably,  but  in  only  small  proportion  to  that  which  the 

nitnc  acid  would  yield.  At  the  end  of  the  first  experiment  more  potas- 

siuin  nitrate  was  added,  and  an  atmosphere  of  known  volume  and 

^^^^i^position  supplied.    At  the  conclusion  of  this  experiment  the  soil 

^^ntained  no  nitric  acid ;   the  amount  of  ammonia  was  increased, 

^^  ftgain  in  only  small  proportion  to  the  amount  which  the  nitrate 

^oul4  yield.     There  was  indeed   a  loss  of  total  nitrogen  in  the 
soil. 

^chlosing  concludes  that  the  combustion  of  organic  matter  in  the 

^^  is  accompanied  by  a  loss  of  nitrogen ;  that  the  combustion  may  be 

*^  ^«  cost  of  the  air  as  in  the  experiment  of  Boussingault,  or  at  the 

*^^  c)f  nitrates,  of  ferric  oxide,  or  of  the  oxygen  of  the  organic  matter, 

^  **i  his  own  experiments. 

^^  will  be  seen  that  on  this  important  point  of  whether  or  not  the  soil 

c 
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may  acquire  combined  nitrogen  either  in  the  form  of  ammonia  by  the 
combination  of  free  nitrogen  with  nascent  hydrogen  evolved  in  the 
decomposition  of  organic  matter  in  defect  of  oxygen,  or  in  the  form  of 
nitric  acid  by  the  oxidation  of  free  nitrogen,  the  evidence  is,  to  say  the 
least,  conflicting.  The  more  recent  results  of  Boussingault,  and  those 
of  Schlosing,  would,  however,  indicate  a  greater  probability  of  a  loss 
of  combined  nitrogen,  and  evolution  of  free  nitrogen. 

Judging  of  the  probabilities  by  reference  to  some  of  the  results  of  our 
own  investigations,  we  think  that  they  are  rather  against  than  in 
favour  of  the  supposition  that  there  is  any  material  gain  of  the  kind 
assumed  by  Mulder  and  Deh^rain.  It  may  be  well,  however,  briefly 
to  call  attention  to  some  few  facts  which  seem  to  bear  upon  the  point, 
whether  in  favour,  or  otherwise,  of  the  view  in  question. 

The  action  assumed  by  Mulder  and  Dehdrain,  if  it  have  place  at  all 
in  soils  in  their  natural  condition,  would  be  supposed,  and  is  assumed 
by  Deh^rain,  to  occur  in  layers  sufficiently  deep  to  be  poor  in  oxygen. 
In  the  lower  layers  of  the  soil  there  is,  however,  a  deficiency  of 
carbonaceous  organic  matter  also.  Again,  if  such  formation  of 
ammonia  do  take  place,  it  is  probable  that  some  at  any  rate  of  it 
must  be  oxidated  into  nitric  acid ;  a  condition  which,  on  the  other 
hand,  implies  an  atmosphere  not  poor  in  oxygen.  Thus,  numerous 
results  of  analysis  of  the  drainage  water  from  many  of  the  experimental 
plots  at  Rothamsted,  to  which  further  reference  will  be  made  presently, 
show  that  nearly  the  whole  of  the  combined  nitrogen  in  the  drainage 
collected  at  a  depth  of  about  30  inches,  exists  as  nitrates  and  nitrites ; 
which,  obviously,  would  hardly  be  the  case  if  the  solution  passed 
through  a  considerable  layer  of  soil,  the  interstices  of  which  contained 
an  atmosphere  poor  in,  or  destitute  of,  oxygen. 

Again,  assuniing  such  formation  of  ammonia  to  take  place  in  the 
upper  layers  of  the  soil,  where  there  is  the  most  organic  matter,  and 
much  oxidation  of  it,  the  supposition  would  be  that  the  conditions 
would  favour  oxidation  rather  than  the  formation  of  ammonia  from  free 
nitrogen  ;  and  the  fact  of  the  formation  of  a  good  deal  of  nitric  acid 
by  the  oxidation  of  nitrogenous  organic  matter,  or  ammonia,  in  the 
surface  soil,  is  sufficiently  established. 

Further,  if  it  were  to  the  action  assumed  by  Mulder  and  Deh^rain 
taking  place  in  the  upper  layers  of  the  soil  that  we  owe  the  supplies  of 
combined  nitrogen  available  to  leguminous  and  other  plants  which 
assimilate  so  much  more  of  it  over  a  given  area  than  the  gramineae, 
the  question  may  be  asked  —why  cannot  the  gramineae  avail  themselves 
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of  this  superficial  supply  ?    On  this  point  it  may  be  mentioned  that, 
on  some  parts  of  the  experimental  wheat  and  barley  fields  at  Kotham- 
sted,  fann-yard  manure  has  been  applied  year  after  year,  for  a  quarter 
of  a  century  or  more,  in  quantity  containing  perhaps  six  or  seven 
times  as  much  nitrogen  as  is  removed  in  the  increase  of  crop,  and 
that  thus  the  percentage  of  nitrogen  in  the  surface  soil  has  been  more 
than  doubled.    Yet,  as  large  a  produce  of  barley,  and  a  larger  produce 
of  wheat,  is  annually  obtained  by  the  use  of  very  much  smaller  quan- 
tities of  nitrogen,  as  ammonium-salts  or  nitrate.   It  would  thus  appear 
that  the  nitrogen  of  the  farm-yard  manure  was  only  available  to  the 
cereals  after  its  transformation  into  ammonia  or  nitric  acid.     Unfor- 
tunately, we  are  not  at  present  able  to  adduce  direct  experimental 
evidence  as  to  the  condition  in  which  the  large  amount  of  inefficient 
nitrogen  exists  in  the  soil,  or  as  to  whether  a  leguminous  crop  would  or 
would  not  grow  luxuriantly  in  it,  but  there  is  little  doubt  that  it  would 
flo  so.    On  the  other  hand,  a  good  crop  of  clover  would  appear  to  be 
attainable  in  soil  comparatively  poor  in  nitrogen  in  its  upper  layers, 
and  comparatively  poor  in  organic  matter  also ;  for,  in  the  experiments 
already  referred  to  in  which  barley  was  grown  after  barley  and  after 
<^^over,  the  large  amount  of  clover  obtained,  and  nitrogen  assimilated 
'n  It,  was  after  six  com  crops  grown  by  artificial  manure  alone  ;  con- 
ditions under  which  the  amount,  both  of  available  nitrogen,  and  of 
organic  matter,  in  the  upper  layers  of  the  soil,  would  be  supposed  to 
he  comparatively  small 

The  answer  of  Dehdrain  would  probably  be,  that  under  the  cir- 
cumstances supposed,  the  nitrogen  would  be  in  a  condition  of  com- 
bination not  favourable  for  assimilation  by  the  gramineae ;  that,  in  fact, 
"*e  ammonia  formed  would  combine  with  organic  acids  in  the  soil, 
yielding  compounds  specially  favourable  as  food  for  the  leguminosae. 
An  objection  to  this  view  is,  that  if  the  accumulation  in  the  soil  by  time, 
w  nitrogen  in  a  condition  specially  favourable  for  the  leguminosas  were 
such  as  is  here  assumed,  we  should  expect  the  amount  of  nitrogen  in 
^^^  soil,  determinable  by  the  soda-lime  process,  to  be  higher  before 
than  after  the  growth  of  a  leguminous  crop  ;  whereas,  on  the  con- 
^^i  after  the  growth  of  a  leguminous  crop,  the  amount  of  nitrogen 
f^  ^determinable  in  the  upper  layers  of  the  soil  is  very  appreciably 
"^creased. 

The  evidence  in  favoiu:  of  the  supposition  that  the  special  source 
^  nitrogen  to  the  leguminosae  is  ammonia,  or  other  compounds  than 
nitric  acid,  in  the  upper  layers  of  the  soil,  is  then,  to  say  the  least, 
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inconclusive.     It  remains  to  consider  whether  it  may  not  be  nitric 
acid,  either  in  the  soil  or  in  the  subsoil  ? 

As  already  said,  there  is  abundant  evidence  of  the  formation  and 
existence  of  a  considerable  amount  of  nitric  acid  in  surface  soils ; 
even  in  such  as  contain  a  relatively  high  amount  of  carbonaceous  and 
nitrogenous  organic  matter.  For  example,  a  soil  at  Rothamsted  which 
has  been  under  garden  cultivation,  and  as  such  probably  manured 
almost  every  year  for  centuries,  has  successfully  grown  clover  every 
year  for  more  than  twenty  years.'  This  soil  was  shown  by  the  late 
Dr.  Pugh,  and  has  been  again  recently  by  Mr.  Warington,  to  contain 
a  considerable  amount  of  nitric  acid.  But  such  a  soil  would,  there  is  no 
doubt,  grow  large  crops  of  gramineae  also  ;  which  direct  experiments 
show  to  attain  great  luxuriance  under  the  influence  of  artificially 
applied  nitrates.  But  such  a  rich  garden  soil  contains  an  abundance 
of  everything — mineral  constituents,  carbonaceous  organic  matter,  and 
combined  nitrogen  in  various  forms,  and  thus  the  exact  conditions 
which  it  supplies  favourable  to  the  leguminosae  cannot  at  once  be  dis- 
criminated. The  fact  of  the  comparatively  little,  or  at  least  uncertain, 
action  of  directly  applied  nitrates  on  the  growth  of  the  leguminosae, 
would  seem  to  be  inconsistent  with  the  supposition  that  it  is  the  nitric 
acid  in  such  a  surface  soil  that  has  given  it  its  special  adaptation  for 
the  growth  of  clover  for  so  many  years — unless,  indeed,  it  be  the  case, 
that  it  is  much  more  available  to  such  crops  when  in  combination  with 
some  bases  than  with  others. 

The  next  point  to  consider  is,  whether  there  are  any  facts  in  &vour 
of  the  supposition  that  clover,  and  leguminous  crops  generally,  acquire 
any  material  proportion  of  their  nitrogen  in  lower  layers,  and  in  a  more 
extended  range  of  the  soil,  than  the  gramineae.  As  an  element  in  the 
discussion  of  this  question  it  will  be  well  in  the  first  place  to  call  atten- 
tion to  the  effects  of  direct  nitrogenous  manures,  such  as  ammonium- 
salt,  or  nitrates,  on  the  growth  of  some  of  our  crops. 

In  Table  VIII.  is  shown  the  estimated  amounts  <^  carbon, 
yielded  per  acre  per  annum,  in  wheat  over  twenty  years,  in  barley  over 
twenty  years,  in  sugar-beet  over  three  years,  and  in  beans  over  eigbt 
years  ;  each  with  a  complex  mineral  manure  alone,  and  each  with  the 
same  mineral  manure  and  given  quantities  of  nitrogen  in  addition, 
supplied  in  some  cases  in  the  form  of  ammonium-salts,  and  in  others  as 
nitrate.  The  gain  of  carbon  by  the  use  of  the  nitrogenous  manure  is 
also  given. 
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Table  VI 1 1. 

Estimated  yield  and  gain  of  Carbon  per  acre^  per  annum^  in  experi* 

mental  Crops  at  Rothamsted, 


Manoring,  Quantities  per  acre,  per  annum. 


Average  Carbon 

per  acre, 

per  annum. 


Actual.      Gain. 


IVAeat  20 years,  1852-1871. 


Complex  Mineral  Manure      

Complex  Min.  Man.  &  41  lbs.  Nitrogen,  as  Ammonia 
Complex  Min.  Man.  &  82  lbs.  Nitrogen,  as  Ammonia 
Complex  Min.  Man.  &  82  lbs.  Nitrogen,  as  Nitrate... 


lbs. 

602 
1234 
1512 


Barley  20  years,  1 852-1 871. 


»  •  •         •  •  I 


Complex  Mineral  Manure      

Complex  Min.  Man.  &  41  lbs.  Nitrogen,  as  Ammonia 


950 


Sugar-Beet  3  years,  1 87 1  - 1 873. 


Complex  Mineral  Manure      

Complex  Min.  Man.  &  82  lbs.  Nitrogen,  as  Ammonia 
Complex  Min.  Man.  &  82  lbs.  Nitrogen,  as  Nitrate... 


1498 
1945 


Beans  %  years,  1862  and  1864- 1870. 


Cornplex  Mineral  Manure       

Cotjipiej^  Min.  Man.  &  82  lbs.  Nitrogen,  as  Nitrate... 


266 


1 1  is  quite  evident  that  in  the  case  of  the  gramineous  crops,  wheat 
*nd  barley,  which  contain  a  comparatively  low  percentage  of  nitrogen, 
^d  assimilate  a  comparatively  small  amount  of  it  over  a  given  area,  and 
^'^^  in  that  of  the  sugar-beet,  there  was  a  greatly  increased  amount  of 
^""^^on  assimilated  by  the  addition  of  nitrogenous  manure  alone.  In 
^^^  case  of  the  wheat,  there  is  much  more  effect  from  a  given  amount  of 
nitrogen  supplied  as  nitrate,  which  is  always  applied  in  the  spring,  than 
^xxi  an  equal  quantity  as  ammonium- salts,  which  are  applied  in  the 
^^^inn,  and  are  subject  to  winter  drainage.  There  is  also  more  effect 
"^^^  ammoniiun-salts  applied  to  barley  than  to  wheat  ;  the  application 
hcjngmade  for  the  former  in  the  spring  and  for  the  latter  in  the  autumn, 
^^^re  is  again  more  effect  from  the  nitrate  than  from  the  ammonium- 
^^s  when  applied  to  sugar-beet,  the  application  being  made  in  both 
^^«$  at  the  same  date,  in  the  spring. 

On  the  other  hand,  the  effect  of  the  nitrogenous  manure  upon  the  highly 

wtTogenous  bean  crop  is  seen  to  be,  comparatively,  very  insignificant 

In  reference  to  this  point  it  should  be  observed  that  there  has  been 
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this  greatly  increased  assimilation  of  carbon  in  the  wheat  and  in  the 
barley  for  more  than  twenty  years,  without  the  addition  of  any  carbon 
to  the  soil.  It  is  indeed  certain  that,  in  the  existing  condition  of  our 
soils,  the  increased  growth  of  our  staple  starch-yielding  grains  is  greatly 
dependent  on  a  supply  of  nitrogen  to  the  soil.  It  is  equally  certain  that 
the  increased  production  of  sugar  in  the  gramineous  sugar-cane,  in  the 
tropics,  is  likewise  greatly  dependent  on  the  supply  of  nitrogen  to  the  soiL 

In  reference  to  the  great  increase  in  the  assimilation  of  carbon  in  the 
sugar-beet  by  the  use  of  purely  nitrogenous  manures,  it  may  be  of 
interest  to  observe  that  over  the  three  years  of  the  experiments  with 
sugar-beet,  the  increased  production  of  sugar  per  acre  per  annum  was 
about  20  cwts.  by  the  use  of  82  lbs.  of  nitrogen  per  acre  per  annum  as 
ammonium-salts,  and  about  28  cwts.  by  the  use  of  82  lbs.  of  nitrogen 
as  nitrate  of  soda. 

It  is,  then,  our  characteristically  starch  and  sugar  producing  crops 
that  are  the  most  characteristically  benefited  by  the  application  of 
nitrogenous  manures  ;  whilst  our  highly  nitrogenous  leguminous  crops 
are  comparatively  little  benefited  by  such  manures. 

But  now  let  us  consider  what  is  the  proportion  of  the  nitrogen 
supplied  in  manure  that  we  get  back  in  the  increase  of  the  crops  that 
are  the  most  specially  benefited  by  its  use. 

In  Table  IX.  is  shown  the  amount  of  nitrogen  recovered,  and  the 
amount  not  recovered,  in  the  increase  of  crop  for  100  supplied  in 
manure,  to  wheat,  and  to  barley,  respectively  ;  the  result  being  in  each 
case  the  average  over  a  period  of  twenty  years. 

Table  IX. 

Nitrogen  rec<n'ered^  and  not  recovered,  in  the  increase  of  produce^  far 

100  supplied  in  Manure, 


Manuring,  Quantities  per  acre,  per  annum. 


For 

100  Nitrogen  in 
Manure. 


Reco- 
vered in 
Increase. 


Not  Re- 
covered 
in 


Wheat  20  years y  1 8  5  2- 1 87 1 . 


Complex  Min.  Man.  &  41  lbs.  Nitrogen,  as  Ammonia 
Complex  Min.  Man.  &  82  lbs.  Nitrogen,  as  Ammonia 
Complex  Min.  Man.  &  82  lbs.  Nitrogen,  as  Nitrate... 

Barley  20 years,  1 852-1 871. 


Complex  Min.  Man.  &  41  lbs.  Nitrogen,  as  Ammonia      48*1  [  51*9 


39 

Speaking  generally,  it  may  be  said  that,  notwithstanding  the  great 
effects  produced  by  the  nitrogenous  manures,  two-thirds  of  the  nitrogen 
supplied  were  unrecovered  in  the  increase  of  crop  when  the  ammonium- 
salts  were  applied  to  wheat ;  the  application  being  made  in  the  autumn. 
When,  however,  nitrate  of  soda  was  used,  which  is  always  applied  in  the 
spring,  the  quantity  left  unrecovered  was  not  much  more  than  half  that 
supplied.   With  barley  also,  the  manuring  for  which  takes  place  in  the 
spring,  there  is  again  nearly  half  the  nitrogen  supplied  in  the  manure  re- 
covered in  the  increase,  and  therefore  little  more  than  halfleft  unrecovered. 
It  maybe  observed  that,  in  the  case  of  root- crops,  when  the  supply 
^  nitrogen  is  not  excessive,  the  proportion  of  the  nitrogen  of  the 
^nurc  recovered  in  the  increase  may  be  much  greater  than  in  the  case 
of  the  cereals;  whilst  in  the  case  of  the  leguminosae  the  effects  of  such 
direct  application  of  soluble  nitrogenous  manures  to  the  surface  soil  is 
comparatively  so  small,  and  so  uncertain,  that  it  would  be  useless  to  give 
*D  estimate  of  the  amounts  recovered  and  not  recovered  respectively. 
But  what  becomes  of  the  one-half  or  two-thirds  of  the  nitrogen 
supplied  for  the  increased  growth  of  the  cereals,  but  not  recovered  in 
*^e   increase  of  crop  ?    Dr.  Frankland  and  Dr.  Voelcker  have  made 
"'Jnicrous  analyses  of  the  drainage  water  from  the  experimental  wheat 
plots  which  have  yielded  the  results  above  referred  to,  and  a  summary 
^  their  results  is  given  in  Table  X, 


AY/: 


Table  X. 


'^o^en  as  Ni/rafes  and  Nitrites,  per  100,000  parts  of  Drainage 
neater  from  Plots  differently  manured,  in  the  Experimental  Wheat 
Field  ai  Rothamsted,  Wheat  every  year,  commencing  1844. 


^  ^    Mannring, 
Quantities  per  acre,  per  annam. 


V^.**tx-yard  Manure.  .  .  . 
Q  *^out  Manure  .  .  .  . 
Q    *J^plcx  Mineral  Manure    . 

^^plex  Min.  Man.  &  41  lbs. 
Q^itrogen,  as  Anmionia     . 

rl^plex  Min.  Man.  &  82  lbs. 
^  Nitrogen,  as  Ammonia 

^^plex  Min.  Man.  &  1 23  lbs. 
r^  Nitrogen,  as  Ammonia 

^^plex  Min.  Man.  &  82  lbs. 
N  itrogen,  as  Nitrate     .    . 


Nitrogen  as  Nitrates  and  Nitrites,  per  zoo,ooo 
parts  Drainage  Water. 


Dr.  Frankland's     Dr.  Voelcker's 


Results. 


Results. 


Mean. 


} 


Experi- 
ments. 

4 

6 
6 

0*922 
0-316 

o*349 

Experi- 
ments. 

2 

6 

0793 

- 

6 

1*477 

6 

1-951 

S 

1039 

40 

The  figures  in  the  table  conclusively  show  that  the  quantity  of 
nitrogen  as  nitrates  per  100,000  parts  of  the  drainage  water,  increased 
in  very  direct  proportion  to  the  increase  in  the  amount  of  ammonia  or 
nitrate  supplied,  and  it  is  obvious  that  there  has  been  a  considerable 
loss  of  the  nitrogen  of  the  manures  by  drainage.     But  as  the  subsoil 
rests  upon  chalk  not  many  feet  below  the  surface,  and  there  is,  there- 
fore, natural  drainage  constantly  going  on,  even  when  there  is  no  flow 
from  the  pipes,  it  is  impossible  accurately  to  estimate  the  total  amount 
of  drainage,  and  therefrom  the  total  amount  of  loss.   Other  experiments 
at  Rothamsted,  however,  lead  to  the  conclusion  that,  according  to 
season,  from  one-quarter  to  nearly  one-half  of  the  annual  rainfall  may 
pass  below  40  inches.     Now,  supposing  drainage  water  to  contain  one 
part  of  nitrogen  as  nitrates  per  100,000  parts  of  water,  an  inch  of  rain 
passing  beyond  the  reach  of  the  roots  would  carry  with  it  2^^  lbs.  of 
nitrogen  per  acre  ;  and  it  is  obvious  that  if  from  seven  to  ten  inches 
passed  annually  of  that  average  strength,  the  loss  would  be  very  greaL 
In  reference  to  this  point  it  is  of  much  interest  to  obser\'e,  that  in  the 
Report  of  the  River's  Pollution  Commission  already  referred  to.  Dr. 
Frankland  gives  a  series  of  analyses  of  land  drainage  waters  collected 
at  Rothamsted,  at  depths  of  twenty,  forty,  and  sixty  inches,  respectively ; 
and  those  collected  at  twenty  inches,  almost  invariably  show  much 
more  nitrogen  as  nitric  acid  than  those  taken  at  either  forty  or  sixty 
inches.      It  would  thus  appear  to  be  indicated  that  a  considerable 
amount  of  nitric  acid  has  been  arrested  in  the  soil  below  the  depth  of 
twenty  inches.     Further,  determinations  of  nitrogen  in  the  soils  do 
show  some  accumulation.     Indeed,  it  would  appear  probable,  that  the 
whole  of  the  nitrogen  applied  to  the  wheat  as  ammonium-salts  or  nitrate 
of  soda,  was  either  recovered  in  the  increase  of  crop,  or  maybe  accounted 
for  by  determinable  accumulation  within   the  soil,  or  by  loss  by 
drainage. 

In  ordinary  agriculture,  the  amounts  of  soluble  nitrogenous  manures 
applied  would  generally  be  much  less  than  in  some  of  these  special 
experiments  ;  and  the  losses  by  drainage  would  from  that  cause  alone 
be  proportionately  less  than  that  shown  above.  Much,  obviously, 
would  also  depend  upon  the  character  of  the  soil  and  of  the  subsoil 
Again,  in  an  ordinary  rotation  of  crops,  more  of  the  supplied  nitrogen 
would  probably  be  gathered  up  before  it  reached  the  lower  layers,  than 
in  the  case  of  a  cereal  crop  grown  year  after  year  on  the  same  land. 
It  may  be  safely  concluded,  however,  that  whenever  cereals  were 
grown,  a  material  proportion  of  the  nitrogen  specially  applied  to,  or 
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existing  in  the  soil,  which  would  be  available  to  other  crops,  would 
not  be  so  to  them  ;  but  would  in  the  first  instance  accumulate  in  the 
surface  soil,  and  gradually  pass  into  the  lower  layers  in  the  form  of 
nitrates,  to  be  eventually  lost  by  drainage  if  not  arrested  by  some 
other  crop. 

The  question  obviously  arises,  whether  we  have  not  here  a  source  of 
some  at  least  of  the  nitrogen  available  to  leguminous  or  to  other  plants 
having  possession  by  their  roots  of  a  greater  range  of  subsoil  than  the 
graminea:.  We  have  evidence  enough  that  although  wheat  and  barley 
send  roots  down  very  deep  into  the  subsoil,  and  pump  up  moisture 
from  the  deeper  layers,  they  nevertheless  derive  much  of  their  nitrogen 
within  the  surface  soil.  If  the  leguminosae  do  not  so  readily  do  so,  or 
at  any  rate  naturally  depend  more  upon  the  nitrogen  in  the  lower 
layers  for  a  considerable  proportion  of  that  which  they  require,  and 
moreover  are  able  to  avail  themselves  of  the  residue  from  the  manuring 
for  other  crops,  what  is  the  nature  of  the  problem  that  we  may  have 
to  solve  to  elucidate  this  point  ? 

Byway  of  illustration  it  may  be  mentioned  that,  supposing  a  legumi- 
nous crop  to  acquire  loo  lbs.  of  nitrogen  per  acre  from  a  layer  of  subsoil 
^feefeet  in  thickness,  weighing  approximately  10,000,000  lbs.  (exclu- 
sive of  stones  and  water),  this  would  represent  only  -ooi  per  cent  of 
nitrogen  so  acquired  in  such  subsoil ;  200  lbs.  of  nitrogen  per  acre  so 
available  would  represent  *oo2  per  cent.,  and  so  oii.  Now,  even  sup- 
posing that  the  nitrogen  existed  in  the  subsoil  in  such  a  condition  as  to 
^  converted  into  ammonia  in  the  process  of  combustion  with  soda- 
IJnie,  the  difference  between  one  subsoil  containing  this,  or  even  a 
^er  amount  of  nitrogen,  more  than  another,  could  not  with  certainty 
^determined  by  that  process ;  for,  in  taking  say  1 5  or  20  grams  of  the 
subsoil  for  combustion,  the  difference  between  two  or  more  determina- 
l»ons  could  not  be  expected  to  be  less  than  some  units  in  the  third  decimal 
place  (per  cent) ;  that  is,  in  fact,  equal  to  the  total  amount  that  may  be 
'^  question  as  between  two  subsoils  to  be  compared.  Further,  if  this 
available  nitrogen  exist  in  the  subsoil  as  nitrates,  it  may  be  a  question 
whether  there  would  be  a  sufficient  amount  of  organic  matter  present 
^0  insure  the  evolution  as  ammonia  of  the  nitrogen  of  the  nitric  acid. 

It  has  been  shown,  then,  that  there  are  many  questions  still  open  for 
"ivcstigation  in  regard  to  the  relations  of  the  surface  soil  to  combined 
Qitrogen;  and  there  are  obviously  also  equally  important  points  to 
investigate  in  regard  to  the  nitrogen  of  the  subsoil,  before  we  can  hope 
^  arrive  at  a  satisfectory  solution  of  some  of  the  problems  which  the 
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consideration  of  the  facts  of  vegetable  production  which  have  been 
adduced,  suggest  for  enquiry.  Nor  arc  the  problems  still  open  connected 
with  the  amount,  and  the  condition,  of  the  mineral  food  of  plants  within 
the  soil,  either  few,  or  without  special,  and  independent  interest  And 
although  those  relating  to  the  nitrogen  seem  to  call  for  the  first  atten- 
tion, the  marked  effects,  so  far,  of  potash  manures,  in  increasing  the 
amount  of  nitrogen  assimilated  over  a  given  area  by  the  le^uminoss, 
seem  to  indicate  the  probability  that  even  the  difficulties  connected  with 
the  sources  of  the  nitrogen  of  our  crops  may  not  be  solved  without 
further  knowledge  as  to  the  required  conditions,  or  the  actions,  of  the 
incombustible  or  mineral  constituents  in  soils. 

Our  results  in  regard  to  the  variations  in  the  amount  of  nitrogen 
in  the  soils  and  subsoils  of  our  different  experimental  plots,  obtained 
by  the  soda-lime  process,  together  with  the  results  already  referred 
to,  relating  to  the  composition  of  the  drainage  water,  from  plots 
variously  manured,  as  well  as  others  of  quite  a  different  kind,  have 
shown  the  absolute  necessity  for  an  extended  investigation  of  the 
soil  question  by  more  exact  methods ;  and  Mr.  Warington  is  about 
to  devote,  probably  some  years,  to  this  enquiry  al  Rothamsted.  It 
is  proposed  that  the  questions  relating  to  the  nitrogen  in  subsoils 
should  be  the  first  considered,  as,  if  the  results  do  throw  light  upon 
some  of  the  points  at  present  in  doubt,  a  definite  step  in  advance  will 
be  so  gained  ;  and  should  they  not  do  so,  the  ground  will  thus  be  cleared 
of  certain  obvious  suppositions,  and  the  course  of  further  research  will 
be  the  more  clearly  indicated.  But  if  the  amount  of  nitrogen  to  be 
discriminated  should  prove  to  be  represented  by  only  units  in  the 
third  decimal  place  per  cent.,  say  '002  for  example,  it  is  obvious  that 
to  get  as  little  as  four  milligrams  involved  in  the  analysis,  200  grams 
of  soil  would  have  to  be  operated  upon.  The  difficulties  of  the  problem 
are  thus  sufficiently  obvious.  But,  by  the  aid  of  the  processes  of  water 
and  gas  analysis  which  have  been  explained  by  the  President  in  his 
opening  address,  there  is  little  doubt  that  they  can  be  overcome,  at 
any  rate  so  far  as  the  nitrogen  existing  as  nitric  acid  is  concerned ; 
and  by  the  kindness  of  Dr.  Frankland,  Mr.  Warington  is  at  the  pre- 
sent time  gaining  experience  in  the  use  of  those  methods,  in  the 
laboratory  of  the  College  of  Chemistry,  before  entering  upon  this 
special  investigation  at  Rothamsted. 

But  even  supposing  we  arrive  at  a  satisfactory  solution  of  the, 
at  present,  unsettled  points  in  regard  to  the  sources  of  the  nitrogen 
yielded  in  agricultural  production,  when,  as  in  the  experiments  to 
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which  attention  has  been  directed,  we  have  a  soil  to  work  upoA 
which  already  contains  accumulations  of  combined  nitrogen  amounting 
to  several  thousands  of  pounds  per  acre  within  the  range  of  the  roots 
of  our  crops,  further  questions  in  regard  to  the  nitrogen  may  still  be 
left  open,  namely, — to  what  actions  a  large  proportion  of  the  existing 
combined  nitrogen  may  be  attributed  ;  and  what  in  particular  is  the 
exact  source  of  the  accumulations  of  it  in  our  soils  and  subsoils  ? 
And  here  it  may  be  observed,  in  passing,  that  determinations  made  at 
Rothamsted  have  shown  approximately  the  same  percentage  of 
nitrogen  in  the  Oxford-clay  obtained  in  the  recent  Sub-Wealden 
exploration  boring  at  a  depth  of  between  500  and  600  feet,  and  in  the 
subsoil  at  Rothamsted,  taken  at  a  depth  of  about  4  feet  only. 

It  is  not  within  the  scope  of  the  present  discourse  to  discuss  fully 
what  is  known  of  the  actual  or  possible  sources  of  the  already  existing 
combined  nitrogen,  the  special  object  of  the  enquiry  being,  as  inti- 
mated at  the  commencement,  to  bring  to  view  the  facts  relating  to  the 
yield  of  nitrogen  in  agricultural  production,  which  the  extended  period 
of  the  investigations  of  Mr.  Lawes  and  myself  have  enabled  us  to 
establish,  and  to  point  out  the  relation  of  this  to  the  various  known  or 
apposed  sources  of  present  periodic  supplies,  so  as  to  indicate  what 
points  seem  the  most  urgently  to  demand  further  investigation.   In  the 
Papers  abready  referred  to,  we  have  more  fully  considered  what  was 
wownof  the  various  actual  or  possible  sources  of  the  combined  nitrogen 
which  we  know  to  exist,  and  to  circulate,  in  land  and  water,  in  animal 
and  vegetable  life,  and  in  the  atmosphere,  and  we  have  pointed  out 
"ow  little  was  established  of  either  the  actual  or  the  relative  impor- 
^cc,  in  a  quaniitaiive  sense,  of  the  various  actions  by  which  it  is 
Emitted  that  free  nitrogen  may  in  nature  be  brought  into  combination. 
*  ^ay,  however,  observe  that  M.  Boussingault  and  M.  Schlosing  have 
^'^«  recently  made  interesting  contributions  to  the  discussion  of  this 
^4«ct    (Compt.  Rend.  T.  Ixxvi,  Ixxx,  Ixxxi,  and  Ixxxii.) 

But  whatever  may  be  the  origin  of  the  existing  combined  nitrogen, 
®'  whether  or  not  the  agencies  of  its  formation  are  more  or  less  active 
^ow  than  during  the  earlier  history  of  the  earth  and  its  atmosphere,  the 
^'lestion  arises  whether,  assuming  the  origin  to  be  independent  of 
"^e  direct  action  of  vegetation,  the  large  accumulations  within  our  soils 
^"^^  subsoils  admits  of  any  reasonable  explanation  ?  On  this  point 
It  may  be  remarked,  that  ages  of  forest  growth,  or  of  the  growth  of 
^^tural  herbage  only  grazed  by  animals,  would  doubtless  leave  the  soil 
ncher  year  by  year ;  as  the  amount  annually  lost  to  it  would  probably 
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be  less  than  even  the  small  amount  known  to  be  annually  deposited 
from  the  atmosphere,  in  temperate  regions,  at  the  present  time  ;  and 
the  accumulation  would  probably  be  greater  still,  were  the  amotmts  of 
combined  nitrogen  in  the  atmosphere,  and  brought  down  from  it, 
greater  than  with  us  at  the  present  time.  Then,  again,  the  influence 
on  aqueous  deposits  of  ages  of  submarine  vegetation,  and  of  the 
subsistence  of  animal  life  upon  it,  has  to  be  considered  But  a  soil 
once  broken  up,  and  under  arable  culture,  it  is  difficult  to  conceive  of 
any  system  of  agriculture  by  which  so  little  nitrogen  as  that  hitherto 
quantitatively  determined  to  be  annually  deposited  from  the  atmo- 
sphere would  be  annually  exported  from  the  land. 

And  now,  to  summarise  in  a  few  words  the  results  of  the  whole  dis- 
cussion, I  think  the  balance  of  the  evidence  points  to  the  conclusion, 
that  the  answer  to  the  question — what  are  the  sources  of  the  nitrogen 
of  vegetation  in  general,  and  of  agricultural  production  in  particular, 
is  more  likely  to  be  found  in  the  relations  of  the  atmosphere,  and  of 
the  plant,  to  the  soil,  than  in  those  of  the  atmosphere  to  the  plant  itselfl 

One  word  more  in  conclusion.  I  have,  as  explained  at  the  outset, 
confined  attention  almost  exclusively  to  one  aspect  of  the  great  subject 
of  vegetation  ;  but  it  will  not  be  supposed  that  I  have  done  so  from 
any  want  of  appreciation  of  the  interest  and  importance  of  other  lines 
of  enquiry ;  and  allow  me,  before  closing,  to  allude  to  a  point 
which  can  hardly  fail  to  suggest  itself  on  an  inspection  of  the  numerous 
organic  compounds,  made  by  transformation  in  the  laboratory,  which 
are  collected  in  the  Chemical  Section  of  this  Exhibition.  Without  in 
the  least  degree  disparaging  such  work,  I  would  ask  whether  some  of 
those  who  have  become  masters  of  such  transformations,  might  not  with 
advantage,  armed  with  the  experience  thus  gained,  now  devote  them- 
selves to  the  study  of  the  transformations  going  on  within  the  plant  and 
the  animal  ?  In  other  words,  whether  it  would  not  be  desirable,  that 
some  of  the  thought  and  labour  now  expended  on  transformations  in 
the  chemical  laboratory  should  be  transferred  to  the  laboratory  of 
nature  ? 
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^  I^r.  Gjlbert  remarked  that  Mr.  Lawes  and  himself  had  been 
^y  some  time  engaged  in  percolation  experiments  as  well  eus  in 
*]^iti-gaiige  determinations.     He  had  accordingly  arranged  a  few 
*^t8  connected  with  those  experiments  extending  over  a  period 
^*  five  years.     He  could  not  give  the  results  of  so  many  years 
^  Mr.  Greaves,  nor  were  theirs  obtained  under  exactly  parallel 
^*iditions.     They  were  undertaken  with  a  different  view,  their 
^^ject  being  an  agricultural  one,  in  relation  to  vegetation,  and 
^*ie   characters  of  soils.     Mr.   Greaves's   percolation   gauge  was 
^Hed  with  soil  artificially;   they,  on  the  other  hand,   took  the 
^oil  just  as  it  was;  they  dug  down  and  undermined  it,  putting 
^it)n  plates  which  were  drilled  with  holes  underneath ;  they  gra- 
dually got  it  underpinned  in  that  way,  and  built  it  in  with  brick 
^nd  cement,  so  that  they  had  an  isolated  square  of  soil  entirely 
Undisturbed.     The  area  of  each  gauge  was  one- thousandth  of  an 
acre.   They  had  one  such  gauge  with  20  inches,  one  with  40  inches, 
^nd  one  with  60  inches  depth  of  soil ;    so  that  they  were  able 
to  answer  some  of  the  questions  with  regard  to  capillary  action 
to  which  reference  had  been  made.     Of  previous  determinations, 
^'  Dalton's  had  indicated  that  25  per  cent,  of  the   rain   per- 
^^ted;  those  of  Mr.  Dickinson  showed  up  to  a  certain  date  42*5 
P^^  cent ;  those  of  M.  Maurice,  at  Geneva,  39  per  cent. ;  those  of 


Theae  remarks  were  made,  at  the  Iiistitntion  of  Civil  Engineers,  on  the 
^  of  February,  1870,  in  the  course  of  the  discussion  upon  the  Papers  by 
"'•  hymens  "On  Floods  in  England  and  Wales  in  1875,"  and  by  Mr.  GroavoB 
'^  Haiabll  and  on  Peioolatioix." 
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M.  Gasparin,  in  the  South  of  France,  20  per  cent.;  those  of  M. 
Kislor,  near  Geneva,  30  per  cent. :  or  an  average  of  31 '  3  per  cent, 
under  different  conditions  in  five  different  localities.     Mr.  Greaves 
gave  28  per  cent.    For  a  period  of  five  years  Mr.  Lawes  and  himself 
found  36  *  8  per  cent,  of  the  rainfall  percolating  through  20  inches, 
36   per   cent,   through  40   inches,    and   28*6   per  cent,   through 
60  inches.     They  had  a  natural  soil,  a  subsoil  with  its  natural  con- 
solidation ;  whereas  Mr.  Greaves's  was  an  artificial  soil,  a  much 
more  open  soil  than  the  materials  of  which  it  was  composed  would 
form  in  their  natural  condition.     (See  Table  I.,  post,  p.  7.)     The 
particulars  of  experiments  on  percolation  by  Ebermayer,  in  Bavaria, 
were  given  in  Tables  II.  and  III.,  posty  pp.'  8  and  9.     To  show 
how  difficult  it  was  to  imitate  soil  in  its  natural  condition,  he  might 
mention  that,  wishing  to  extend  their  experiments,  they  attempted 
to  fill,  by  calculation,  a  number  of  tubes,  5  feet  deep  and  2  feet  in 
diameter,  with  the  soil  of  the  immediately  adjoining  field  in  its 
exact  natural  condition.     After  putting  in  3  feet  of  soil,,  pouring  a 
great  deal  of  water  through,  and  applying  a  weight  of  more  than 
1  ton  fur  many  months,  the  soil  had  not  sunk  down  to  the  3  feet 
by  about  6  inches,     it  was  almost  impossible  by  artificial  means 
to  get  a  soil  like  the  natural  one.    Another  difference  in  the  mode 
of  estimation  was  that  they  took  the  harvest  year,  from  the  Ist 
of  September  to  the  end  of  August.     The  rainfall  in  the  first  year 
was  27^  inches;  in  the  succeeding  years  29  inches,  30j^  inches, 
21}  inches,  and  30£  inches,  or  an  average  of  nearly  28  inches.     Of^ 
those  28  inches  about  10^  inches  percolated  through  20  inches,  10 
inches  through  40  inches,  and  only  8  inches  through  60  inches  o£* 
soil ;  so  that  it  was  clear  that  capillary  action  had  had  its  e£feot  far 
below  the  depth  Mr.  Greaves  supposed.    In  fact  it  was  obvions 
that  it  had  been  operative  below  40  inches,  as  was  illnstrated 
in  the  more  detailed  figures.     Beginning  in  September,  that  was 
after  warm  and  comparatively  dry  weather,  there  was  less  water 
going  through  40  inches  than  through  20  inches,  and  less  through 
60  inches  than  through  40  inches  depth  of  soil ;  and  so  it  went  on 
until  the  winter  rains  accumulated,  when  the  reverse  happened, 
and  there  was  sometimes  more  through  the  60  inches  than  through 
the  20  inches.     (See  Tables  IV.  and  V.,  pott^  pp.   10  and   11.^ 
Capillary  action  therefore  certainly  had  its  infiuenoe  on  peroolatiou, 
or  rather  on  evaporation — the  complement  to  it — for  below  the 
depth  that  had  been  mentioned.    Mr.  Greaves's  obserrations  in- 
dicated an  average  of  about  7  inches  of  percolation.    This  deter- 
mination rested  upon   experiments  made   on  soil   oovwed  with 
%'ogetution,  and  of  course  the  surface  of  the  country  was  mostly 
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80  oovered;  but  the  amount  of  vegetation  much  determined  the 
amonnt  of  percolation.     (See  Tables  VI.  and  VII.,  post,  p.  12.) 

Ebennayer  quoted  Professor  Woldrich  as  having  determined  the 
amount  of  percolation  (2  feet  deep)  through  turf,  and  through 
bare  ground,  at  Salzburg  and  in  the  neighbourhood  of  Vienna. 
At  Salzburg  the  percolation  was  - 


In  May  25*2  per  cent. 

le88  through  turf. 

„  June  53*1      „ 

»» 

„  July  23-4      ,. 

»» 

„  Aug.  29 -2      „ 

»• 

„  Sept.  12-7      „ 

»» 

The  difference  was  the  least  in  January.  In  May,  both  at 
Salzburg  and  at  Vienna,  more  than  twice  as  much  percolated 
tlm)ugh  bare  earth  as  through  turf.  From  June  16-30  there  per- 
colated at  Salzburg  — 

2*  12  inches  (Eng.)  through  bare  earth. 
0  02      „  ,.  „       turf. 

The  maximum  difference  was  in  June  and  July,  and  less  in 
autumn  and  winter.  Ebermayer  concluded  that  in  the  summer 
half-year  forest  soil  was  the  moistest;  bare,  open  ground  less 
nioiat;  turf  the  driest. 

From  the  results  of  an  extended  series  of  experiments  on  the 

wnount  of  water  given  off  by  plants  during  their  growth,  it  might 

he  roughly  estimated  that,  for  every  ton  of  really  dry  substance 

grown,  a  depth  of  3  inches  of  rain  would  be  evaporated  through 

"^e  vegetation.     For  every  ton  of  hay,  in  its  natural  condition, 

*hout  2i  inches  of  rain  would  pass  through  the  plant.     It  was 

obvious  that,  where  there  was  vegetation,  percolation  would  be 

^^Diiiiifihed,  and  especially  where  the  growth  extended  through 

nearly  the  whole  of  the  year,  as  in  the  case  of  grass  land.     The 

^ater  would  not  be  safe  until  it  reached  a  lower  depth  than  if  the 

*Jid  were  not  oovered,  as  in  the  case  of  the  percolation  experiments 

*o  which  he  had  referred.  (See  also  Tables  VI.  and  VII,,  post,  p.  12.) 

He  thought  that  the  larger  amounts  of  percolation  obtained  in 

^eir  own  experiments  than   in  those  of  Mr.  Greaves  were  the 

'^oltant  of  two  opposite  agencies:   they  had  no  vegetation   to 

P^p  the  water  out,  but,  on  the  other  hand,  Mr.  Greaves*s  soil 

"*d  no  doubt  been  more  pervious  than  theirs. 

M.  Mari^-Davy,  Director  of  the  Meteorological  Observatory,  at 
Montaouris,  Paris,  had  also  made  numerous  experiments  on  the 
*niount  of  water  evaporated  by  different  plants  during  growth, 
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and  also  on  the  amount  evaporated  from  soils  of  different  kinds,  or 
covered  with  different  descriptions  of  vegetation ;  but  the  results 
were  too  numerous  and  varied  to  be  conveniently  summarised  in  a 
tabular  form. 

With  reference  to  some  observations  by  Mr.  Symons,  he  might 
be  permitted  to  refer  to  the  effects  of  manures  in  fouling  water. 
When  that  gentleman  visited  them  some  time  ago,  he  pointed  out 
two  plots  of  wheat,  one  of  which  had  been  manured  in  the  autumn, 
and  the  other  in  the  spring.  There  had  been  a  wet  winter,  and 
under  those  conditions  the  crop  manured  in  the  spring  was  much 
better  than  that  manured  in  the  autumn.  In  dry  winters  it  was 
just  the  contrary.  At  such  times  the  crop  manured  in  the  autumn 
picked  up  more  of  the  active  manures,  and  less  got  into  the  drains, 
so  that  there  was  a  better  root-distribution,  and  eventually  a 
better  crop.  Those  exporimeuts  on  the  growth  of  wheat  had  been 
carried  on  for  more  than  thirty  years.  The  drain  of  each  plot  was 
opened,  and  the  drainage-water  occasionally  collected  for  analysis. 
Dr.  Yoelcker  and  Dr.  Frankland  had  analysed  many  of  those  waters. 
The  results  showed,  on  an  average,  that  where  no  nitrogenous 
manure  had  been  used  for  many  years,  the  amoimt  of  nitrogen  (as 
nitrates,  &c.)  in  the  drainage-water  was  0*43  part  per  100,000; 
when  41  lbs.  of  nitrogen  per  acre  per  annum  were  put  on  in  the 
form  of  ammonia  salts,  the  amount  was  0  *  82  part ;  with  82  lbs., 
1*44  part;  with  123  lbs.,  1*81  part;  almost  progressing  in  the 
ratio  of  the  amount  of  nitrogen  put  upon  the  soil.  Two  analyses 
by  Dr.  Voelcker  and  four  by  Dr.  Frankland  gave  1*26  part  of 
nitrogen  per  1 00,000  parts  of  drainage-water  from  land  manured 
every  year  with  farmyard  manure.  (See  Table  Vin.,po«<,  p.  13.) 
Some  of  the  plots  wore  manured  far  more  heavily  than  was  usual 
in  agriculture,  so  that  there  need  be  no  fear  of  anything  like  the 
fouling  of  water  referred  to  from  ordinary  agricultural  operations. 
Of  course  it  would  be  more  in  light  soils  than  in  heavy  lands. 
The  results  described  had  been  obtained  in  somewhat  heavy  soil. 
The  importance  of  watching  the  matter  was  very  great.  He  did 
not,  however,  think  that  when  the  matters  had  passed  through  a 
considerable  depth  of  soil  there  was  so  much  danger  from  ordinary 
agriculture  as  was  sometimes  supposed,  although  it  was  true  the 
drainage-water  might  not  indicate  a  very  good  previous  history. 

The  following  tables  embodied   summaries  of  the  results  to 
which  he  had  referred  (see  pp.  7-13). 
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Table  II. — ^Ezfebdientb  on  Piboolation,  by  Ebesmatsb,  in  Bi 

Gauge. — A  zinc  cylinder,  with  an  area  of  1  square  foot,  and  1,  2,  or  4 
dtep.  filled  with  adjacent  soil  and  exposed  to  air  and  rain  for  son 
acquire  normal  physical  characters. 


Percolation  through  SoJ 
Inches  (Engliah). 


12  Months,  March  ISSS—Feb.  1869  ;  Mean  of  4  Stations. 


Open  ground,  bare . 
Forest,  without  litter 
with  litter  . 


n 


20-01 

18-08 

18-56 

•  • 

20-63 

21-48 

19-41 
16-54 


Spring.    Marehj  April,  May  1868. 


Open  ground,  bare  . 
Forest,  without  litter 
with  litter  . 


>» 


j> 


with  litter  +  or  —  open  ground  . 


5*22 

5-35 

5-86 

4-99 

•  • 

•  • 

5-69 

5-75 

600 

+0-47 

+0-40 

+0-14 

Summer.    June,  JvHy,  August  1868. 


Open  ground,  bare . 
Forest,  without  litter 
with  litter  . 


»» 


}i 


with  litter  +  or  —  open  ground  . 


2-26 
412 
5-77 

1-62 

•  • 

5-42 

+3-51 

+3-80 

1-09 


300 


Autumn.    Sept.,  Oct.,  Nov.  1868. 


Open  ground,  bare  . 
Forest,  without  litter 
with  litter   . 


»• 


n 


with  litter  +  or  —  open  ground  . 


4-41 
3-96 
3-84 


-0-57 


4-08 


4-52 


+1-91 

4-09 

•• 
3-48 


+0-44     -0-61 


Winter.    Dee.,  Jan.,  Fa>.  1868-9. 


Open  ground,  bare  . 
Forest,  without  litter 
with  litter   . 


11 


11 


813 

7-06 

8-36 

5-49 

•  • 

•• 

5-34 

5-78 

4-07 

-2-79 

-1-28 

-4-29 

with  litter  +  or  —  open  ground  . 

Orowing  Period.    AprU — September,  indurive,  1868. 


Open  ground,  bare  . 
Fogrest,  without  litter 
M      with  litter   . 


with  litter  +  or  —  open  ground  . 


5-40 
7-62 
9-69 


4-90 


9-84 


4-69 


7-13 


+2-44 


>  FVnichfcet. 


KUHTAJLL,   ITAPOK&TION,  AKD  miCOLATION.  9 

Tuu  In.~Ei.FEKi]iKim  on  Pcboolation,  hj  Ebibiurh,  in  Bataua. 
Oaijt.—k  line  cylinder,  with  an  area  of  1  ftjuaM  foot,  «Dd  1,  2,  or  4  feel  (Ft.) 
wpt  Sllcd  with  adjacent  anil  and  expoaed  to  air  uid  nin  fiw  tome  time  to 
KfDllT  Dormal  ph.t  aical  ohatacteta^ 

Ftnmlagt  t>f  PereeHaiion  to  BalnfaO. 

Pn  cent,  of  Rd^iU. 


18  MoKOt,  Monk  19m— FA.  18ti9  ;  JTmh  o/  4  SbdibM. 

0|Mi|KHUid,btfe I      H      1      50 

'(nt,<>)tltotitliltai I      «T 

■I     with  litter 74      1      77 

Bpring.    XanA,  April,  Ma^  1868. 

ft*"  gtoond,  bare I      55      I      66 

'ort«,  without  litte: 70 

,.      with  litter I      81       I      61 

Bummer.    Jmt,  Julf,  Augud  1868. 

£p«n  ground,  bare I      19      I       14 

'<*Brt.  without  Utter 52 

»      with  litter t      72      |      65 

JktoMK.    Bapt.,  Oel.,  Sot.  1868. 

&»!»  ^nnd,  bare I      54  I      51 

«^Oreal,  witfaoat  litter 80  I 

^      with  Utter 1      60  j      68 

Wilier.    iJec, /oh..  F«fr.  1868-9. 

2p«ii  gnniid,  bare I      94      I      89 

*^orat,withont  Utter 91 

>,     with  Utter 1      94      I      97 

OomparitiM  <4  Witdar  and  Ammmt  Ealf-y«ar*. 
Bunmer  leM  than  winter    . 


*««,  without  litter 
Sc 
^owrt,  with  litter  . 

OpapoQnd.ban 


(Oct— March 
\AprU— Not. 


Ihi  than  winter    , 
/oly  oiitjr. 


1  72 
2S 

67 
24 

76 
24 

1   *9 

4n 

52 

1  80 

!   57 

1   23 

1   86 
75 

87 
76 

78 
62 

10 


mNUTSS  OF  PBOOEEDIHaB. 


Tabus  IV.— Rain  and  PraooLATioir  at  BoTBAMgTKD,  Herti. 
September  1, 1870,  to  Augwt  31, 1875. 


BainfUl. 

PercoUUon  through  SoiL 

Erapontion. 

aoiuches 
deep. 

40  Inches 
deep. 

60  indies 
deep. 

ao  Indies 
deep. 

40indifs 
deep. 

60  Inches 
deep. 

Inches. 

Inches. 

Inches. 

Indies. 

Inches. 

ladies. 

Indies. 

Sept  1870~Ai]g.  1871 

27-55 

9-64 

9*42 

5*81 

17-91 

18-13 

21-74 

„      1871        „     1872 

29-02 

9*69 

9-40 

8*24 

19-33 

19  62 

20-78 

„      1872        „     1878 

30-66 

14-35 

13*67 

12*03 

16-31 

16  99 

18  63 

„      1878        „     1874 

21-69 

5-47 

5*11 

3*61 

16-22 

16-58 

18  08 

„      1874        „     1875 

30-74 

12-25 

12*72 

10*80 

18-49 

18-02 

20  44 

Ayerage  per  annum . 

27-93 

10-28 

10-06 

8*00 

17-65 

17*87 

19*93 

September    . 

2-88 

0-68 

0-43 

0*30 

2*20 

2*45 

2-58 

October  .     . 

319 

1-37 

109 

076 

1*82 

210 

2*48 

November 

208 

1-41 

1-30 

1-01 

0-67 

0-78 

1-07 

December 

2-15 

1-52 

1*51 

1*14 

0-63 

0*64 

1-01 

January  .     . 

311 

215 

2-43 

2*08 

0-96 

0*68 

103 

February 

1-47 

0*69 

0-75 

0-59 

0-78 

0-72 

0-88 

1-43 

0*53 

0-57 

0*47 

0-90 

0*86 

0-96 

April       .     . 

1-76 

0-26 

0*28 

0-22 

1-50 

1-48 

1*54 

lUy  .     .     . 

1-91 

0-21 

0*23 

0'19 

1-70 

1-68 

1-72 

June .     .     . 

2-77 

0-48 

0*43 

0*36 

2-29 

2*34 

2*41 

July  .     .     . 

1 

3-47 

0*97 

1*03 

0-87 

2-50 

2*44 

2-60 

August   .     . 

t            i 

• 

1-71 

0-01 

0-01 

0*01 

1-70 

1*70 

1*70 

Total    . 

27-93 

10*28 

10*06 

8*00 

17-65 

17-87 

:  19-93 

AYerage  per  month  . 

2-83 

0*86 

0-84 

0-67 

1-47 

1-49 

1 

1*66 

BAINTALL,   HTAFORA.TI0II,   AND  PBB00I.ATION. 


TiBU  v.— B&ni  tad  PnoouTioN  at  Bonunni,  Hms. 

,  1870,  l«  Avguit  31, 1S75. 


Ponmusiol  facciAiiimXo 

«^l 

Lu«. 

P™l.Uoath™.#,SalL             "*kSJ;^ 

dbIh 

d«p. 

lOlDdie* 

'"d«p"i'Vp, 

deep. 

eDlnd» 

1   iDcbn. 
TO-Aug.  1S71  1  27-55 

31-9 

«.a 

21-1       65-1 

658 

78-9 

71        „      1873  ,  23-02 

38-4 

32-4 

28-4       66-6 

67-6 

71 -S 

72        „      1873     30-6G 

46-8 

44-fl 

39-2       53-2 

55-4 

60-8 

73        „      1874  1  21-69 

25-2 

23-5 

ia-6       74-8 

76-5 

83-4 

74        „      1875     30-74 

399 

41-4 

33-5  ,     60-1 

68-6 

86-5 

Avenge 

27-83 

36-8 

3.-0 

28-6       63-2 

640 

71-4 

s-se 

23-6 

..•9 

10-4 

76-4 

85-1 

89 '6 

3-19 

12-9 

»'2 

23-8 

67-1 

65-8 

76-2 

1  ^-w 

e7-8 

B-5 

48-6 

32-2 

87-5 

51-4 

I    2-16 

70-7 

70-2 

53-0 

29-3 

29-8 

47  0 

311 

69-1 

78- 1 

66-9 

30-9 

21-9 

83-1 

1-47 

47-0 

510 

40-2 

58-0 

49-0 

59-8 

1-43 

87-0 

"" 

82-9 

68-C 

60-1 

67-1 

1-76 

14-8 

16-0 

12-5 

85-2 

84-0 

87-6 

1-91 

ll'O 

120 

9-9 

89-0 

88-0 

901 

2-77 

17-3 

15-6 

ISO 

82-7 

84-5 

87-0 

3-47 

28-0 

29-7 

251 

72-0 

70-8 

74-9 

1-71 

0-fl 

0-« 

0-G      99-4 

99-4 

99-4 

27-93 

•C" 

2-33 

86-8 

"■' 

28-6 

63-2 

64-0 

71-4 

12 


MINUTES  OF  PROGEEDINOS. 


Table  VI.—Experihjsnts  at  Rothamstsd,  Herts,  illustrating  the  Influikci  o 
Vegetation  on  Evaporation.   Results  relating  to  fermanknt  Grass  Land. 


Plots. 

Without 
Manure. 


Cwt. 


Produce  of  Hay  per  acre. 
Average  15  (or  13  years.  1856-1870      ...         22f 


Year  of  drought.  1870 


Deficiency  in  1870 

Manured  more  than  unmanured  in  1870 


5f 


Plots. 

Miiienl 

Manure  aud 

AmmooU* 

salta. 

Cwt. 

523 
29| 


Plut  14. 

Mineral 

Manure  a» 

Nitrate  ol 

Soda. 


Cwt, 

57i 
5t^ 


17 


Moisture  in  the  Soils  {dried  at  100°  C.)  at  different 

j    Per  wni,    \ 
rPirst     9  inches    .     .     .     .   I     10*83 


Samples 

collected, 

July  25-6, 1870. 


Second  „ 
Third  „ 
Fourth  „ 

Fiftli  „ 
.Sixth    ,, 


13-34 
19-23 
22-71 
24-28 
25-07 


22k 
23f 

depths. 
PProent. 
1300 
1018 
1646 
18-96 
20-54 
21-34 


U 
50i 

Peronit. 
1216 
11-80 
15-65 
16-30 
17-18 
18-06 


Moan I     19-24    I 

Estimated  quantities  of  Water  per  acre} 

Tons. 
Total  to  the  depth  of  54  inches 


16-75    I     15  19 


Manured  loss  than  mimanured  land 


1.546 


Ton*. 
1.346 


200 


T<»o». 
1.221 

325 


Table  VII. — Ditto  ditto.    Results  relating  to  the  Growth  of  Barlkt. 


Barley  Land. 


A<\Joining 
Fallow 
Land.s 


'    Per  cent.        Per  cent. 
Moisture  in  the  Soils  {dried  at  100°  C)  at  diffennt  depths. 


Siiniples 

collected 

June  27-8,  1870. 


fFirst     9  inches 

Second  „ 

Third   „ 

Fourth 

Fifth 
ISixth 


- 


»» 

11 


11 


11 


11-91 
19-32 
22-83 
2509 
26-98 
26-38 


20-36 
29-53 
34-84 
34-32 
31-31 
33-55 


Mean 2209    I  30  65 

Estimated  quantities  of  Water  per  aere,^ 

Tons.  Toni). 

To  the  depth  of  54  inches 1,863  2,772 


Fallow  I^ 

morethar 

Barley  Laoi 

Per  oenL. 


8-45 
10-21 
12  01 
9-23 
4-33 
7-17 


8-56 


Town. 
909' 


1  The  estimates  given  above  of  the  ''quantities  of  Water  per  acre  "  must  uf  course  betaken 
approximate  and  illustrative  only. 

^  About  0*65  inch  of  rain  had  fallen  ten  days  previoua  to  the  ooUertlon  of  the  soils,  sod  0-lS  *^ 
thrm  days  before ;  ani  for  several  days  since  the  heavier  rainfall  some  soil  bad  been  thrown 
uncroppcd  land,  probably  retarding  evaporation.  Hence  doubtless  part  of  the  excesa  In  the 
laud. 


RAINFAI^,  EVAPORATION,  AND  PERCOLATION. 
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Table  VIII  — Gomfo6itton  of  Drainagi  Wateb  from  Plots  differsntlt  Mantjmid  ; 
BbOADBiiz  Field,  Bothambted.  Wheat  eyebt  Year,  oommencinq  1844. 
NmoGor  u  Nitrates  and  Nitrites,  per  100,000  parte  of  Water. 

Dr.  Voeloker's  and  Professor  Frankland's  Results. 

^0^  eolUded  ai  different  periods  of  (he  year  in  1866, 1867,  1868, 1872,  and  1873. 


««-. 


Nltrogeo  as  Nitrates  and  Nitrites,  per  100,000  parts 
of  Drainage  Water. 


Dr.  Voelcker's 
Re«iilts. 


Dr.  Frankland's 
Results. 


5 


fli  tons  farmyard  manure,  every  V 

I    year / 

•Without  manure,  every  year   .  1 

^oeral  manure  alone  ...  I 

„  „       and  ammonia-l 

Hilts  (41  lbs.  nitrogen)  .     .  /' 

7  fMinenl  manure  and  ammonia-) 

I       salts  (82  lbs.  nitrogen)  .     ./ 

g    f  Mineral  manure  and  ammonia-) 

i\       salts  (123  lbs.  nitrogen)      .  / 

9  '  J  Mineral   manure    and  nitrate) 

,\       soda  (82  lbs.  nitrogen)  .     .  / 


Experi- 
ments. 


■( 


5 
5 


Mean. 


Experi- 
ments. 

1  606 

4 

0-922 

0-390 
0-506 

6 
6 

0-316 
0-349 

0-853 

6 

0-793 

1-400 

6 

1-477 

1-679 

6 

1-951 

1-835 

5 

1039 

Experi- 
ments. 

6 

11 
11 

11 
11 
11 
10 


1-264 

0-353 
0-428 

0-823 
1-439 
1-815 
1-437 


LONDON: 

PUINTfiD   BY   WILLIAM  CLOWBB  AND  SONS, 

nAUrvtllt  iTTRKET  AMD  CHAKING  CB088. 


RAINFALL,   EVAPORATION,    AND   PERCOLATION. 
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Tabu  VII I— Composition  of  Drainagb  Water  from  Plots  differently  Manured ; 
fibOADBALK  Field,  Bothamsted.  Wheat  evert  Year,  commencing  1844. 
NmoQEK  88  Nitrates  and  Nitrites,  per  100,000  parts  of  Water. 

Dr.  Yoeloker's  aad  Professor  Frankland's  Results. 

^pfet  ooUtcted  at  different  periodt  of  the  year  in  1866,  1867,  1868,  1872,  and  1873. 


'Tote. 


Nitrogen  as  Nitrates  and  Nitrites,  per  100,000  parts 
of  Drainage  Water. 


/14  toiui  farmyard  manure,  every  "i 

I    year / 

Without  manure,  every  year 
Mineral  manure  alone  . 
G    J      M  t«       and  ammoniu- 


2 
5 


i 


»> 


7  i^Uneral  manure  and  ammonia-) 
\      salU  (82  lbs.  nitrogen)  .     .  / 

8  i^Uieral  manure  and  ammonia-1 
1 1       salts  (123  lbs.  nitrogen)      .  / 

9  J^'I^eral   manure    and  nitrate^ 
i  V       soda  (82  lbs.  nitrogen)  .     .  / 


Dr.  Voelckcr's 
ReDults. 

Dr.  Frankland's 
Results. 

Mean. 

EzpeH- 
ments. 

Experi- 
ments. 

Experi- 
ments. 

2 

1  606 

4 

0*922 

6 

1-264 

5 

0-390 

6 

0-316 

11 

0-353 

5 

0-506 

6 

0-349 

11 

0-428 

.      5 

0-853 

6 

0-793 

11 

0-823 

5 

1-400 

6 

1-477 

11 

1-439 

5 

1-679 

6 

1-951 

11 

1-815 

5 

1-835 

5 

1039 

10 

1-437 

FREEDOM  IN  THE  GROWTH  ANT)  SALK 


OF    THE 


CROPS    OF   THE   FARM. 


COX8IDBRBD  IN  RELATION  TO  THE  INTERESTS  01 


THE  LANDOWNER  &  THE  TENANT  FARMER. 


Bt  J.  B.  LAWES,  LL.D.,  F.R.S.,  &c. 


A    Paper    rtad  he/ore  the  Society  of  ArU,   Decfmher   \Wi,    1«77. 


LONDON : 

W,  TROUNCE,  PRINTEB,  GOUGH-SQUABE,  FLEET-STREET,  B.C. 

1877. 


ITHBBDOnSdC 


IN 


Tbe  growth  and  sale  of  crops. 


^^  agricnltnre  of  Great  Britain,  considered  as  a  commercial 
^^^ertaking,  may  be  said  to  be  carried  on  by  two  partners ; 
^^  one  providing  the  capital  in  land  and  buildings,  and  the 
^Ixer  the  capital  in  live  stock,  implements,  manures,  and  that 
^^^uired  for  the  payment  of  wages,  &c.    The  interest  of  the 
^«  partner  is  permanent ;  he  may  be  called  the  owner  of  the 
^^Xsiness ;  whilst  that  of  the  other  is  limited  to  a  period  mutually 
^^reed  upon.     The  landowner  receives  interest  upon  his  capital 
^^  the  form  of  a  fixed  annual  payment,  or  rent.    The  profits  of 
^vie  tenant,  on  the  other  hand,  are  fluctuating,  for  they  depend, 
^ot  only  on  the  fixed  amount  of  rent  paid,  but  upon  whether 
^lie  seasons  are  favourable  or  unfavourable,  upon  his  skill  in 
Management,  and  upon  a  variety  of  other  circumstances.     The 
t;«nant  gets  a  higher  rate  of  interest  on  his  capital  than  the 
landowner,  as  is  to  be  expected  that  he  should  do,  since  he  takes 
^  more  active  share  in  the  management  of  the  business.     The 
landowner,  however,  controls  some  of  the  most  important  opera- 
tions on  the  farm.    He  decides  what  crops  may,  and  what  crops 
may  not,  be  grown ;  what  produce  may  be  sold,  and  what  may 
not  be  carried  off  the  farm.    The  tenant  attends  to  the  cultiva- 
tion of  the  land,  buys  and  sells  stock,  and,  subject  to  the 
important  restrictions  above-mentioned,  manages  the  farm  in 
the  manner  which  he  considers  the  most  conducive  to  his  own 
interests. 


It  is  frequently  assumed  that  the  interests  of  the  landowner  and 
'of  the  tenant  are  somewhat  conflicting ;  and  probably  much  of 
the  reluctance  of  the  tenant  to  furnish  statistics  arises  fix>m  a  fear 
that  the  knowledge  thus  provided  would  induce  the  landowner 
to  demand  a  larger  share  in  the  profits  of  the  business.  It 
appears  to  me,  however,  that  the  interests  of  the  landowner  and 
the  tenant  are,  in  every  respect  but  one,  identical.  The  tenant 
acts  like  any  other  man  of  business.  After  providing  for  the 
maintenance  and  education  of  his  family,  he  saves  as  much  as 
he  can  to  place  them  out  in  life.  A  farmer's  son  generally 
becomes  a  farmer.  If  the  capital  of  the  farmer  be  reduced,  a 
reduction  of  rent  is  sure  to  follow,  sooner  or  later.  With  largo 
profits,  on  the  other  hand,  there  is  an  increase  in  the  amount  of 
capital  to  be  invested  in  fanning,  there  is  more  competition  for 
farms,  and  rents  rise.  Excepting  in  the  form  of  loans  by 
bankers  to  farmers,  probably  not  much  capital  goes  into  the 
business  of  farming  from  external  sources.  A  certain  amount 
is  brought  into  it  by  those  who,  having  been  successful  in  other 
pursuits,  take  up  with  farming ;  but  whether  they  are  generally 
successful  in  making  a  profit  out  of  it  is  very  doubtful.  Their 
farming  must  rather  be  classed  with  that  of  the  landowner,  who 
derives  little  other  benefit  from  it  than  the  pleasure  which  the 
occupation  affords. 

I  have  said  that  the  interests  of  the  landowner  and  the  tenant 
farmer  are  identical  in  every  respect  but  one.  Those  of  the 
landowner  are  permanent,  whilst  those  of  the  tenant  are  linuted. 
Accordingly,  with  a  view  of  maintaining  the  fertility  of  his  soil, 
the  landowner  introduces  into  his  agreements  certain  restrictiye 
covenants,  in  regard  to  cropping,  and  to  the  sale  of  the  produce 
of  the  farm.  He  argues  that  any  profit  which  might  accrue  to 
the  teniint  from  the  removal  of  such  restrictions  would  be 
obtained  at  his  expense,  and  would  reduce  the  letting  capability 
of  his  land.  It  must  be  conceded  that,  as  such  restrictioiui 
have  been  in  force  for  so  long  a  time,  the  burden  of  proof  tliat 


taejr  might  be  removed  without  injury  to  the  landowner  rests 

npon  the  tenant,  or  upon  those  who  advocate  his  claims,  ' 

3!bia  brings  me  to  the  special  subject  of  my  address  to  you 

tku  evening,  namely — Freedom  in  the  growth  and  sale  of  the 

cwts^i  of  the  famiy  considered  in  relation  to  the  interests  of  the 

kx^wmdowner  and  the  tenant  farmer. 

The  restrictions  introduced  into  the  covenants  by  the  land- 
for  his  protection  may  be  briefly  summed  up  as  follows  :— 
Not  to  grow  two  white  straw  crops  in  succession. 
Not  to  sell  straw,  hay,  roots,  or,  in  fact,  any  fodder  crops,  off 
lefiurm* 

In  some  districts  a  second  ^hite  straw  crop  in  succession  may 
taken  in  the  course  of  a  rotation ;  that  is  to  say,  three  in 
five  years,  instead  of  two  in  four  years.  In  such  cases,  it  is 
S^erally  stipulated  that  the  second  com  crop  shall  differ  from 
*ie  first ;  that  wheat  shall  not  follow  wheat,  nor  barley  barley. 

Ill  regard  to  these  restrictions,  I  propose  to  consider  the 
'Allowing  questions : — 
-Aie  they  necessary  for  the  protection  of  the  landowner  ? 
If  once  necessary,  are  they  equally  so  now  ? 
X)o  not  a  comparison  between  past  and  present  prices  of 
^^S^cnltural  produce,  our  increased  knowledge  in  regard  to  the 
^^^on  of  manures,  and  to  the  exhaustion  of  soils,  and  the  fact 
^^^t  large  external  sources  of  supply  of  fertilising  materials  are 
^^^'^  at  our  command,  justify  us  in  concluding    that    these 
'^^^trictions  might  safely  be  modified,  or  even  in  some  cases 
. 
The  arguments  for  and  against  the  modification  or  removal 
restrictive  covenants,  may  be  briefly  stated  thus : — 

On  Behali*  of  thb  Landowner. 

That    long  experience  has  shown  such  restrictions  to  be 
ecessary  to  prevent  undue  exhaustion  of  the  soil. 
That  to  give  power  to  the  tenant  to  grow  what  crops  ho 


pleases,  and  to  sell  straw,  hay,  roots,  and  fodder  crops  generally, 
would  exhaust  the  land,  be  prejudicial  to  the  interests  of  a 
succeeding  tenant,  and  would  render  the  letting  of  the  farm 
more  diflBcult,  if  not  actually  reduce  its  letting  value. 

That  even  if  the  tenant  were  permitted  to  grow  and  sell  what 
crops  he  pleased,  it  would  not  be  to  his  interest  to  do  otherwise 
than  he  is  now  allowed  to  do. 

That,  all  things  considered,  restrictive  covenants  are  bene- 
ficial to  both  the  landowner  and  the  tenant. 

On  Bekalp  op  the  Tenant. 

The  restrictions  on  the  sale  of  straw,  hay,  &c.,  artificially 
enhance  the  prices  of  those  commodities,  are  therefore  injurious 
to  the  consuming  public,  and  amount  to  protection  in  favour  of 
the  few  fanners  who  are  permitted  to  sell  them. 

That,  in  the  event  of  the  outgoing  tenant  having  the  power 
to  sell  all  the  products  off  the  farm,  the  incoming  tenant  could 
still  purchase  all  he  required;  since,  having  no  carriage  for 
removal  to  pay  for,  he  would  have  the  advantage  over  all  other 
purchasers. 

That  restrictive  covenants  prevent  the  tenant  from  applying 
his  skill  and  capital  to  the  best  advantage. 

That,  at  least  in  a  large  majority  of  cases,  the  modification 
or  removal  of  existing  restrictions  would  not  prove  injurious  to 
the  more  permanent  interests  of  the  landowner. 

In  these  few  paragraphs,  I  have  endeavoured  to  summarise  the 
arguments  which  would  probably  be  used  against,  or  for,  any 
change  in  the  usual  restrictive  covenants.  I  have,  however, 
omitted  from  those  which  the  tenant  might  adduce  in  favour  of 
change,  some  which,  whilst  they  would  materially  strengthen 
his  case,  I  should  perhaps  hardly  bo  justified  in  making  him 
responsible  for.  If  we  compare  the  agriculture  of  the  present 
day  with  that  of  half  or  three-quarters  of  a  century  ago,  we 
shall  notice  some  changes  which  arc  evident  to  all.    The  actual 


and  relative  prices  of  meat,  grain,  straw,  and  hay,  are  very 
different  now  from  what  they  were  then.  The  farmer  has  now 
at  his  command  enormously  increased  and  fncreasing  supplies 
of  purchasable  cattle  foods  and  manures.  There  are  other 
changes  which  are  not  so  obvious  at  first  sight,  but  which  are 
equally  important,  such  as  our  greatly  increased  knowledge  of 
Ao  action  of  manuring  substances,  and  of  the  capabilities  and 
<^f  the  exhaustion  of  soils. 

The  agriculture  of  the  last  century  consisted  of  little  else 

than  taking  several  corn  crops  in  succession,  until  the  produce 

^^  not  pay  the  cost  of  cultivation,  and  then  allowing  the  land 

^  recover  its  fertility  by  rest.     During  this  period,  it  afforded 

®^iity  food  for  stock.    After  a  time  it  was  again  broken  up ; 

^d  80  on.     As  population  and  the  demand  for  food  increased, 

•'he  periods  of  rest  were  shortened,  and  the  land  was  rarely  left 

^otQ  than  two  or  three  years  in  succession  without  being 

ploughed  up  and  a  com  crop  sown.     Still  later,  a  rotation  of 

^^^pB,  which  required  the  land  to  be  broken  up  every  year,  was 

^opted. 

tJnder  this  more  modern  system,  the  demands  upon  the  soil 
^^uld  obviously  be  greater ;  and,  accordingly,  it  was  considered 
^^podient  to  place  some  restriction  upon  the  course  of  cropping, 
^iiil  the  sales  by  the  tenant,  to  prevent  him  from  sending  off 
^te  farm  too  much  of  the  produce  of  the  soil.  By  degrees  such 
^^onants  becanie  almost  universal ;  and  at  the  present  time 
vei^  few  tenants  are  allowed  perfect  freedom  of  action. 

Xiooking  at  the  various  things  which  a  farmer  may  and  may 
^^t  do,  it  is  difficult,  if  not  impossible,  to  give  any  rational 
^^lanation  of  their  adoption.  Some  things  which  he  is  per- 
^*ted  to  do,  and  which  are  considered  consistent  with  good 
husbandry,  may  be  as  exhausting  to  the  soil  as  the  growth  of  a 
*®^^Ud  com  crop,  or  the  sale  of  straw.  Thus,  deep  cultivation, 
™^iig,  draining,  and  bare  fallow,  have  all  for  their  object  to 
^^ble  the  farmer  to  take  more  out  of  the  soil  without  putting 
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anything  into  it.  On  the  other  hand,  very  few  farmers  find  it 
to  their  interest  to  exhaust  the  land  as  much  as  they  are  per- 
mitted to  do  under  the  provisions  of  their  leases  or  agreements^ 
Whether  they  purchase  cattle  food,  or  manures,  or  not,  they 
generally  consume  on  the  farm  a  portion  of  the  com  which  they 
might,  if  they  please,  carry  to  market.  It  is,  indeed,  only  soils 
of  high  natural  fertility  that  can  furnish  sufficient  produce  to 
pay  rent,  and  the  expenses  of  cultivation,  and  also  yield  a  profit 
to  the  tenant,  without  some  aid  from  external  sources. 

It  is  now  more  than  forty  years  since  I  commenced  experi- 
ments at  Bothamsted,  with  different  manuring  substances,  first 
with  plants  in  pots,  and  afterwards  in  the  field ;  and  I  have  the 
record  of  more  than  eighty  different  chemical  substances,  or 
combinations,  having  been  tried  in  one  year'  in  the  very  early 
days  of  those  experiments.  In  the  course  of  their  extended  and 
continued  prosecution  up  to  the  present  time,  it  has  been  found 
that  some  of  the  most  important  crops  of  the  farm  can  be  grown 
for  twenty,  or  even  more  than  thirty,  years  in  succession  on  the 
same  land,  in  full  agricultural  quantity,  by  means  of  chemical 
salts  alone,  of  which  the  three  most  important  constituents  are 
nitrogen,  phosphoric  acid,  and  potass.  As,  during  the  whole  of 
the  long  periods  mentioned,  manures  supplying  these  substances 
have  been  used,  in  some  cases  separately,  and  in  others  in 
various  combinations,  year  after  year,  on  the  same  plot  of  land, 
and  with  the  same  crop,  it  is  obvious  that  the  results  obtained 
have  furnished  the  basis  for  forming  a  pretty  accurate  Judg- 
ment of  what  constitutes  exhaustion  of  the  soil.  They  also 
enable  us  to  determine  which  of  the  constituents  of  the  crops 
are  derived  from  the  atmosphere,  and  which  must  be  supplied 
by,  and  are  taken  from,  the  soil. 

Time  will  not  permit  me  to  direct  your  attention  to  the 
results  of  these  experiments  except  in  the  briefest  possifale 
manner.  At  the  outset  I  must  observe  that  the  experiments  to 
which  I  am  about  to  refer  are  conducted  without  referoice  to 
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le  question  of  economy  or  profit;  and  I  must  beg  you,  tn.io- 
>,  to  dismiss  from  your  minds  any  consideration  as  to  their 
"What  I  wish  to  illustrate,  and  to  impress  upon  your 
xioinds,  is,  that  the  three  constituents  of  manures — nitrogen, 
X^l^osphoric  acid,  and  potass — are  not  only  the  most  effective  on 
'fclie  growth  of  crops,  and,  therefore,  the  most  important,  but 
'ti&ey  sje  also  those  which,  in  proportion  to  the  requirement  for 
^bem,  are  generally  contained  in  the  soil  in  only  small  avail- 
able amount  compared  with  the  other  constituents  of  crops 
'tbence  derived.    The  economical  application  of  these  essential 
elements  of  plant  food  is  a  subject  which  would  require  entirely 
separate  consideration.    It  would  involve  an  inquiry  into  the 
rehitiye  economy  of  manure  made  by  stock  and  that  purchased 
from  external  sources ;  into  the  natural  fertility  of  soils,  or 
their  capability  to  yield  up  annually  more  or  less  of  plant  food ; 
and  into  the  prices  at  which  straw,  hay,  roots,  &c.,  could  be 
more  profitably  consumed  on,  or  sold  off,  the  farm. 

Permanent  Orass. — The  application  of  artificial  manures 

timey  containing  nitrogen,  phosphoric  acid,  and  potass  (with 

fiome  other  constituents  of  known  little  effect),  for  twenty-two 

years  in  succession,  has  given  an  average  annual  crop  of  hay  of 

nearly  three  tons  per  acre.     Twice  during  the  period  a  second 

Crop  has  been  cut  without  further  manuring ;  and  it  has,  on 

each  occasion,  yielded  nearly  2i  tons  more. 

.Permanent  Wheat, — In  like  manner,  artificial  manures  used 

^one,  supplying  nitrogen,  phosphoric  acid,  and  potass,  have 

^ven  an  average,  over  twenty-five  years,  of  S6J  bushels  of 

Pressed  com,  and  more  than  2  tons  of  straw,  per  acre  per 

^nnum.     The  produce  of  the  present  year  was  40  bushels  of 

stressed  com,  and  1  ton  14  cwts.  of  straw.    No  dung  has  been 

applied  to  this  land  for  38  years. 

Permanent  Barley. — ^In  a  similar  way,  artificial  manures 
alooey  containing  nitrogen  and  phosphoric  acid,  without  potass, 
have  given  an  average,  over  2    years,  of  6  quarters  of  barley, 
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ana  r)early  IJ  ton  of  straw,  per  aero  per  annum.  Anoth< 
plot,  with  the  same  amounts  of  nitrogen  and  phosphoric  aei* 
but  with  potass  added,  has  given  on  the  average,  only  a  fraoti< 
of  a  bushel  more  com,'  and  less  than  2  cwts.  more  straw,  p 
acre  per  annum,  l^o  dung  has  been  applied  to  this  land  for  i 
years.  It  is  evident,  therefore,  that,  up  to  the  present  tim 
the  soil  itself  has  yielded  up  as  much  potass  as  was  re(}uir 
for  the  large  annual  crop  above-mentioned. 

Permanent  Moot  Crops. — Root  crops  are  generally  oonsider 
to  be  more  dependent  on  applied  manure  than  any  other ;  a] 
this  opinion  is  fully  confirmed  by  the  Rothamsted  experimtti 
In  a  continuously  unmanured  four-course  rotation,  which  h 
now  extended  over  a  period  of  30  years,  the  root  crop  of  t 
first  course,  though  small,  was  very  much  heavier  than  it  fa 
been  since,  having  been  quite  insignificant,  and  averaging  li 
than  a  ton  per  acre  per  annum,  over  the  last  six  courses.  Nf 
withstanding  this,  the  barley  averaged  86i  bushels,  and  t 
wheat  30  bushels,  over  the  seven  unmanured  courses* 

With  the  exception  of  three  years,  during  which  barley  w 
gro^vn  without  manure,  roots  have  been  grown  over  an  area 
8  acres,  without  manure,  with  farmyard  manure,  and  wi 
different  artificial  manures,  from  1843  up  to  the  present  tin 
as  under : — 

Norfolk  whites 6  years. 

Swedes   4 

(Barley) (3) 

Swedes   15 

Sugar-beet    5 

Mangels ,    2 


Boots,  total  32 


years. 


In  the  case  of  the  Norfolk  whites  and  Swedes,  the  leaves 
well  as  the  roots  were  removed  &om  the  land ;  but  in  the  a 
of  the  sugar-beet  and  mangels,  the  leaves  wei:e  spread  upon  i 
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Jaxid,  and  the  roots  only  were  removed.     In  1876,  the  produce 

of     roots   (mangels)   with   artificial  manure  alone,  containing 

nitrogen,  phosphoric  acid,  and  potass,  was  22  tons  11  cwts., 

and  in  the  present  year,  1877,  it  has  been  22  tons  2  cwts. 

^o  dang  has  been  applied  to  these  plots  for  nearly  40  years. 

Some  specimens  of  the  produce  of  the  present  season,  grown 
witli  artificial  manure  alone,  on  land  which  has  not  received  any 
daxig  for  so  many  years,  are  to  be  seen  on  the  table.  Compared 
wit;li  the  monsters  usually  exhibited,  these  are  of  very  moderate 
dijxkensions.  They  are  grown  very  close  together,  26  inches 
b&^^een  the  rows,  but  only  11  inches  from  plant  to  plant  in 
ttxo  rows.  Such  roots  will,  however,  contain  a  much  higher 
proportion  of  dry  or  solid  matter  than  larger  ones;  and  samples 
from  the  same  plots  as  those  on  the  table  have  this  year  given 
to  analysis  from  9  to  10  per  cent,  of  sugar,  or  more  than  the 
amoimt  of  total  dry  or  solid  substance  in  many  monster  roots. 

Prom   these   few   illustrations,   it   must    be   evident    that 

"^^fcunres  supplying  nitrogen,  phosphoric  acid,  and  potass,  will 

keep  up  the  fertility  of  my  soil,  and  enable  it  to  produce  crops 

of  hay,  com,  and  roots,  in  full  agricultural  quantity,  for  very 

oxBuy  years  in  succession.    Nor  is  this  result  dependent  on 

^ything  exceptional  in  the  quality  of  this  particular  soil; 

^^  the  contrary,  I  do  not  hesitate  to  give  it  as  my  opinion,  that 

^^tivated  soils  generally,  whether  in  Great  Britain  or  elsewhere, 

^^ich  have  become  impoverished  by  cropping,  would,  in  a 

S^^ater  or  less  degree,  be  restored  to  fertility,  by  the  application 

^*  Daanure  supplying,  in  an  available  condition,  one  or  more  of 

^^  three  constituents,  nitrogen,  phosphoric  acid,  and  potass. 

tt  may  be  said  roughly  that  from  90  to  95  per  cent,  of  the 

^^^^    substance  of  the  crops  I  have  referred  to,  as  grown  by 

^^ificial  manures  alone,  consisted  of  organic  matter  of  which 

^^   manures  applied  contamed  none.    There  can  be  no  doubt 

*^^t  the  constituents  of  this  organic  matter  were  derived, 

^^J^^ctly  or  indirectly,  from  the  atmosphere,  and  not  from  either 
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the  soil  itself  or  the  manures.    And,  if  a  system  of  compen- 
sation to  outgoing  tenants  for  miexhansted  manm:^  should  at 
any  time  be  generally  adopted  and  enforced,  there  can  be  little 
doubt  that  the  three  constituents  of  crops,  soils,  and  manures, 
to  which  I  have  especially  directed  your  attention,  will  alone  be 
admitted  as  subjects  of  claim  ;  and  the  difficulty  of  estimatiB; 
the  amount  of  them  remaining  in  the  soil  in  a  condition 
of  being  yielded  up  to  growing  crops  within  a  definite  peri 
of  time,  will  tax  to  the  utmost  the  knowledge  and  skill  of  ihi 
valuer  or  arbitrator. 

Assuming,  then,  that  nitrogen,  phosphoric  acid,  and 
are  the  most  important  constituents  of  manures,  and  are  thi 
in  which  our  soils  are  the  most  likely  to  become  deficient 
indiscriminate  cropping,  let  us  see  how  the  stores  of  them  with=- 
the  soil  are  affected  under  the  adoption  of  an  ordinary  foi 
course  rotation,  subject  to  the  restrictive  covenants 
enforced. 

It  was  due  to  the  sagacity  of  the  father  of  the  present 
of  Leicester,  that  this  system  of  rotation  was  brought 
general  use  on  the  light  land»  of  Norfolk.    At  the  commen 
ment  of  the  present  centui*y,  large  areas  of  those  soils, 
are  now  extremely  productive,  were  considered  to  be  not  wo 
cultivation.    In  themselves  they  were  very  poor  in  the  deme' 
of  fertility,  and  very  little  could  be  purchased  from 
sources.    Consequently,  it  wius  of  the  utmost  importance  that 
sales  by  the  tenant  should  be  so  regulated  that  a  minimum  ama 
of  the  most  essential  fertilising  constituents  should  be  given 
exchange  for  a  given  amount  of  money.    In  other  woids, 
for  the  same  amount  of  money  received  by  the  tenant  for 
produce,  he  should  export  from  the  soil  as  little  as  possible        <ff 
the  constituents  essential  for  the  growth  of  future  crops. 

In  the  following  table  is  shown  the  amounts  of  mtro^^^f 
phosphoric  acidy  and  potass,  that  would  be  lost  to  the  ham^  in 
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die  disposal  of  difiTerent  kinds  of  produce,  in  equal  money  value, 

''eckoned  according  to  the  prices  prevailing  sixty  or  seventy 

Jears  ago ;  and,  for  convenience  of  illustration,  £10  worth  of 

Produce  is  assumed  to  be  sold  in  each  case.    In  the  upper 

^vision  of  the  table  are  enumerated  those  products  which,  ao- 

^^^**t3ing  to  the  usual  restrictive  covenants,  may,  and  in  the 

^'•^cr  division  those  which  may  not,  be  sold  off  the  farm. 


^^<^yutUueni9  contained  in  JBIO  worth  of  each  De$cription  of  Produce^ 
•neciofieci  at  the  Pricet  of  Sixty  or  Seventy  Teart  ago. 


Fboducb  tub  Sals  of  which  la  Allowed. 


Pbodoci. 


;\;ve  weight  of  animal    .  • 

^heat  gnin 

ilej  ^rain *  * 

i  giain   

Average 


Nitrogen. 


Photphorio 
Mid. 


lbs. 

lbs. 

18-0 

10-0 

270 

13-0 

240 

12-0 

300 

9-6 

24-8 


IM 


Potoas. 


lbs. 
1-3 
80 
8-0 
7-0 


6-1 


Total. 


lbs. 
29-3 
48-0 
440 
46-5 


42*0 


Fboducb  the  Salb  of  which  is  Pbohibubd. 


PBODIKm. 


^OTor  hay  . « « 
Meadow  hay  • 
^^Hieat  itraw  • 
Parley  straw  • 
Oatatraw    ... 

ATcnge 


Nitrogen. 

Photphorio 
Mid. 

Potaas. 

lbs. 

lbs. 

lbs. 

120-0 

32-0 

103-0 

80-0 

23-0 

90-0 

580 

320 

85-0 

65-0 

27-0 

110-0 

700 

260 

120-0 

78-6 

27-8 

102-0 

Total. 


lbs. 
2550 
193-0 
1750 
202-0 
2150 

208-0 


It  will  be  seen  how  admirably  a  system  of  rotation,  with 
covenants  permitting  the  sale  of  meat  and  grain,  but  prohibiting 
the  disposal  of  bay  or  straw,  was  calculated  to  conserve  the 
three  important  constituents  of  soils  and  manures-— nitrog^i 
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phosphoric  acid,  and  potass.  Thus,  of  nitrogen,  by  the  sale  oi 
£10  worth  of  meat,  the  tenant  would  only  send  off  the  fam 
18  lbs.,  whereas  in  £10  worth  of  clover  hay  he  would  ezpor 
120  lbs.,  and  in  £10  worth  of  meadow  hay,  80  lbs.  O 
phosphoric  acid,  in  £10  worth  of  meat,  he  would  send  off  onl^ 
10  lbs. ;  but  hi  £10  worth  of  clover  hay,  32  lbs.,  and  in  £1( 
worth  of  meadow  hay,  23  lbs.  Of  potass,  in  £10  worth  of  meat 
he  would  send  oflFonly  Ij  lbs.,  and  in  £10  worth  of  clover  hay 
103  lbs,  and  in  £10  worth  of  meadow  hay,  90  lbs.  Again,  o 
nitrogen  he  would  only  send  off  from  24  to  301bs.  in  £10  wortl 
of  wheat,  barley,  or  oat  grain ;  whereas  in  £10  worth  of  wheat 
barley,  or  oat  straw,  he  would  export  from  two  or  three  time 
as  much.  In  £10  worth  of  wheat,  barley,  or  oat  grain,  h 
would  sell  from  9i  to  13  lbs.  of  phosphoric  acid ;  but  in  wheat 
barley,  or  oat  straw  to  the  same  value,  he  would  sell  abou 
twice  and  a  half  as  much.  Lastly,  of  potass,  there  would  be  v 
£10  worth  of  wheat,  barley,  or  oat  grain,  only  7  or  8  lbs. ;  bu 
in  £10  worth  of  wheat,  barley,  or  oat  straw,  considerably  mor 
than  ten  times  as  much. 

Leaving  out  of  view  the  details,  and  confining  attention  onl; 
to  the  lines  of  mean  results  in  the  table,  it  will  be  seen  that,  b; 
the  disposal  of  £10  worth  of  the  produce  the  sale  of  which  i 
prohibited,  there  would,  on  the  average,  be  more  than  thre 
times  as  much  nitrogen,  about  two  and  a  half  times  as  mnc 
phosphoric  acid,  and  more  than  sixteen  times  as  much  potac 
lost  to  the  farm,  as  iu  £10  worth  of  the  produce  the  sale  c 
which  is  allowed. 

Thus,  modern  science  not  only  confirms  the  value  of  a  stystei 
introduced  about  three  quarters  of  a  century  ago,  but  it  shon 
clearly  upon  what  its  value  really  depended. 

Li  the  next  table  is  shown  the  amounts  of  nitrogen,  phoc 
phoric  acid,  and  potass,  in  £10  worth  of  each  of  the  sam 
descriptions  of  produce,  reckoned  according  to  their  fiup  averag 
selling  price  in  recent  years. 
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ConMtUuenii  eantained  in  £  10  v>orth  of  each  Deicrtpttan  of  Produce, 
Ttckoned  <U  the  Average  Prices  of  Recent  Teart. 

Produob  the  Bali  of  whioh  is  Allowbd. 


Pboovcb. 


-Ayenge 


Nitrogen. 


90 
86-0 
320 
40  0 


Phoiphorio 
ackl. 


PoUn. 


29-3 


Ibt. 

6-0 
17-3 
16-0 
12-7 


12-8 


lbs. 

0-66 
10-7 
10-7 

9-3 


7-8 


Total. 


lbs. 
14-7 
640 
58-7 
620 


50-0 


P&ODUCB  THB  SaLB  OF  WHICH  IS  PROHIBITED.* 


PlOOUCB. 


3^^^  straw 

AT8rag6 


Nitrogen. 


lbs. 
720 
640 
32*4 
36-3 
39-1 


48-8 


Phosphoric 
acid. 


lbs. 
19-2 
18-4 
17-9 
15-1 
14-0 


169 


PoUss. 


lbs. 
61-8 
720 
47-4 
61-4 
67-0 


61-8 


Total. 


lbs. 
153 
154 

97 
113 
120 


127 


't'k  will  be  obeerved  that,  at  the  present  day,  the  farmer  gives 
«^  ^^1  less  of  the  three  constituents  in  live  weight  of  animal, 
^^^^  or  straw,  for  £10,  than  he  did  three-quarters  of  a  century 
f^^  ;  or,  in  other  words,  the  prices  of  these  articles  are  much 
^^Vier  now  than  they  were  then.  On  the  other  hand,  wheat, 
^^^^ley,  and  oat  grain,  are  cheaper  now  than  they  were  then, 
^^^  he  has  to  give  more  of  them,  and  of  their  important  con- 
^tituents,  for  the  same  money,  than  he  did  formerly. 

^  *  In  the  table,  roots  are  not  incladed  in  the  list  of  produce  the  sale  of  which 
^  prohibited,  as  they  have  no  sufficiently- established  price  in  the  market. 
^^aejt  mozeoTer,  vary  very  much  in  composition,  according  to  the  description , 
Ike  BoiU  the  season,  and  the  manuring.  But  supposing  mangolds  or  swedes 
were  sold  off  the  £EUin  at  £1  per  ton,  £10  worth  of  tbcm  would  export  from 
40  to  60 lbs.  of  nitrogen,  or  much  more  than  £10  worth  of  straw;  12  to 
16  lbs.  of  phoaphorio  acid,  or  about  as  much  as  £10  worth  of  straw  ;  and  from 
60  to  so  1m.  of  potass,  or  again  as  much  as,  or  more  than,  £10  worth  of  straw. 
Again,  reckoning  potatoes  at  £6  per  ton,  £10  worth  of  them  would  export  about 
161ba.  of  nitroffen,  about  7  Iba.  of  phosphoric  acid,  and  about  24  lbs  of  potass ; 
or  leM  than  haif  as  mnoh  of  each  of  them  as  £10  worth  of  straw. 
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Tl^e  fact  is,  that,  by  the  sale  of  JEIO  worth  of  straw,  the 
exhaustion  of  nitrogen  would,  at  the  present  time,  be  only  about 
the  same  as  by  the  sale  of  £10  worth  of  grain,  whereas  formerly 
it  was  from  two  to  three  times  as  great.  Of  phosphoric  acid, 
again,  the  loss  to  the  land,  by  the  sale  of  £10  worth  of  straw, 
is  now  only  about  the  same  as  by  the  sale  of  £10  worth  of 
grain,  whereas  formerly  it  was  more  than  twice  as  great. 
Lastly,  of  potass,  whilst  formerly  considerably  more  than  ten 
times  as  much  would  be  sold  off  in  £10  worth  of  straw  than  of 
grain,  at  the  present  time  only  between  five  and  six  times  as 
much  would  be  exported  in  £10  worth  of  straw  as  in  £10  worth 
of  grain. 

Again,  calling  attention  to  the  mean  results  only,  it  is 
seen  that,  in  consequence  of  the  change  in  prices  which  has 
taken  place  between  the  two  periods,  the  amount  of  nitrogen 
now  sold  off  in  £10  worth  of  meat  or  grain  would  be  29  lbs., 
whilst  that  in  the  same  value  of  the  produce  the  sale  of  which 
is  prohibited  would  be  49  lbs.,  or  little  more  than  one  and 
a-half  time  as  much ;  whilst  formerly  it  was  more  than  three 
times  as  much.  Of  phosphoric  acid  the  average  amount  in  £10 
worth  of  the  saleable  products  would,  at  the  present  time,  be 
under  13  lbs.,  and  in  that  of  the  prohibited  products  about 
17 lbs.,  or  less  than  one  and  a-half  times  as  much  in  the  latter; 
whilst,  at  the  former  period,  it  was  two  and  a-half  timsB  as 
much.  Of  potass,  £10  worth  of  the  saleable  products  would 
now  contain,  on  the  average,  under  8  lbs.,  whilst  the  prohibited 
products  would  contain  62  lbs.,  or  about  eight  times  as  madi ; 
whilst  formerly  £10  worth  of  the  prohibited  products  contained 
more  than  16  times  as  much  potass  as  the  same  value  of  the 
saleable  product. 

The  obvious  result  of  all  this  is,  that,  at  the  present  prices  of 
the  different  descriptions  of  produce,  the  tenant  would  ezfaanst 
ihe  land  of  nitrogen,  phosphoric  acid,  and  potass,  very  much  less 
by  the  sale  of  £10  worth  of  meat  than  he  would  three  quarten 
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^f  a  century  ago ;  more  by  the  sale  of  a  given  money's  worth 
of  grain,  but  much  less  by  the  sale  of  a  given  money's  worth  of 
hay  or  straw,  now  than  formerly ;  so  that,  to  compensate  for 
such  sale  of  hay  or  straw,  it  would  be  necessary  to  import  less 
of  these  constituents  &om  external  sources  at  the  present  time 
than  at  the  former  period. 

To  illustrate  the  matter  in  a  practical  way,  let  us  assume 

that  the  farmer  of  1807,  and  the  farmer  of  1877,  were  each 

permitted  to  sell  those  products  the  sale  of  which  is  at  present 

prohibited,  on  condition  that  he  purchased  and  brought  on  to 

tKe  land  the  amount  of  nitrogen,  phosphoric  acid,  and  potass, 

which  he  carried  off  in  the  produce  sold.     Of  course  this  would 

have  been  impossible  in  the  case  of  the  farmer  of  1807,  as  the 

necessary  artificial  manures  were  not  then  in  the  market.    But, 

OASuming  that  the  same  sources  were  available  to  him,  and  at 

tJie  same  prices  as  at  present,  how  would  the  case  stand  ?  After 

eelling  £10  worth  of  the  produce  the  sale  of  which  is  now  pro. 

libited,  the  farmer  of  1807  would  have  to  expend  about  111 

shillings  to  restore  the  constituents  exported,  leaving  him  only 

89  shillings  out  of  the  £10  received.     The  farmer  of  1877, 

exporting  much  less  in  £10  worth  of  these  products,  would 

have  to  expend  only  about  69  shillings  to  return  the  nitrogen, 

phosphoric  acid,  and  potass,  retaining  in  his  pocket  131  shillings 

of  the  £10  he  had  received,  or  about  1^  time  as  much. 

At  the  time  when  the  four-course  rotation  and  the  restrictive 
covenants  connected  with  its  adoption  were  introduced,  nothing 
was,  however,  known  of  the  importance  of  nitrogen,  phosphoric 
acid,  and  potass.  Between  the  years  1805  and  1812,  Sir 
Humphrey  Davy  delivered  a  course  of  lectures  on  agricultural 
chemistry,  in  which  was  embodied  all  the  best  knowledge  of  the 
day  rdating  to  the  subject.  He  does,  indeed,  mention  nitrogen, 
phosphoric  acid,  and  potass,  in  various  parts  of  his  lectures ; 
and  even  quotes  experiments  on  vegetation,  which  he  made 
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witli  saline  siilj.stiinccs  contiiining  them  ;  but  still  he  seems  to 
attribute  comparatively  little  importance  to  them  as  constituents 
of  soils  or  manures.  Referring  to  the  mud  of  the  Nile  as  an 
example  of  one  of  the  best  natural  soils,  he  gives  an  analysis  of 
it  by  a  French  chemist,  in  which  neither  of  these  important 
constituents  is  mentioned.  Speaking  of  fallow,  he  says: — 
"  The  vague  ancient  opinion  of  tho  use  of  nitre  and  of  nitrous 
salts  in  vegetation,  seems  to  have  been  one  of  the  principal 
speculative  reasons  for  the  defence  of  summer  fallows."  Sir 
Humphrey  Davy's  lectures  appear  to  have  excited  very  little 
attention  among  agriculturalists,  and  to  have  exerted  little  or 
no  influence  on  agriculture.  In  fact,  from  the  date  of  his  lec- 
tures up  to  the  appearance  of  Liebig's  first  work  on  the  subject 
in  1840,  a  period  of  about  30  years,  the  application  of  chemistry 
to  agriculture  was  little  thought  of  in  this  country.  It  is  some- 
what remarkable  that,  during  the  time  when  Sir  Humphrey 
Davy  was  delivering  his  lectures,  he  and  other  eminent  scientific 
men  of  the  day  were  accustomed  to  visit  in  the  adjoining  parish 
to  that  in  which  I  reside,  at  the  house  of  Sir  John  Sebright, 
the  grandfather  of  the  present  baronet.  Sir  John  attained 
considerable  eminence  as  an  agriculturalist,  especially  as  a 
breeder  of  stock  ;  and  he  informed  me  that  the  subject  of  the 
application  of  chemistry  to  agriculture  was  frequently  discasaed 
at  those  gatherings,  and  the  general  opinion  was  that  little  or 
no  benefit  would  result  from  it. 

Exhaustion  of  tub  Soil. 

Some  years  ago,  I  read  a  paper  before  the  London  Farmertt' 
Club,*  in  which  I  endeavoured  to  define  what  is  known  in  agri- 
cultural language  as  ''  condition  "  of  soil,  and  to  draw  a  distinc- 
tion between  it  and  what  may  be  called  the  "natural  fertility*' 
of  the  land.  "Condition"  I  described  as  representing  those 
fertilising  matters  within  the  soil  which  had  been  accumulated 


«  u 


^  Exhaustion  of  the  Soil  in  relation  to  LandlozdB*  Ooovenantii  and  flw 

Valuation  of  Unczhuustcd  ImproYcments."    (Bead  April  4,  1870.) 
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in  it  by  the  operations  of  the  tenant.  It  was  to  the  value 
of  these,  that  the  framers  of  the  Agricaltnral  Holdings 
Act  sought  to  give  the  outgoing  tenant  a  legal  claim.  The 
almost  complete  evasion  of  that  Act  appears  to  be  due  to 
a  fear  that  the  great  ignorance  which  exists  as  to  the  effects 
of  unexhausted  manures,  might  lead  to  large  and  unjust 
claims  being  put  forward  or  awarded,  rather  than  to  any  desire 
to  deprive  the  tenant  of  that  which  is  justly  his.  That  such  a  fear 
is  not  altogether  devoid  of  foundation,  my  own  experience  when 
called  as  a  witoess  in  connection  with  a  claim  for  compensation 
in  Ireland  sufficiently  proves.  If,  however,  a  tenant  had  free- 
dom of  action  as  to  cropping  and  the  disposal  of  his  produce, 
he  would  have  little  cause  to  trouble  himself  about  compensation 
for  anezfaausted  manures. 

From  the  point  of  view  of  practical  agriculture,  exhaustion 
of  the  soil  may  be  defined  as  such  a  condition  brought  about  by 
^o  removal  of  crops,  that  a  good  or  profitable  crop  of  the  same 
description  of  produce  as  the  one  last  taken,  cannot  be  grown 
witlxout  fresh  manuring.  For  example,  in  most  descriptions 
^^<1  conditions  of  soils,  a  growing  com  crop  will  so  far  exhaust 
^o  xiitrogen  available  for  such  crops  within  its  reach,  that  a 
^^^^^ond  com  crop  would  find  a  deficiency  of  it  unless  it  were 
^^Pplied  by  manure.  In  fact,  in  almost  all  cases,  a  supply  of 
available  nitrogen  by  manure  would  largely  increase  the  growth 
^^  ^  second  com  crop.  Assuming  that  a  second  corn  crop  were 
^^  t^en,  and  the  straw  as  well  as  the  com  sold  off  the  farm, 
*^^^  would  obviously  be  a  large  export  of  phosphoric  acid  and 
^^^^ss ;  but  to  what  extent  the  soil  would,  in  an  agricultural 
^^^»,  be  "exhausted"  thereby,  would  entirely  depend  upon 
^^^  «  natural  fertiliry,"  and  the  "  condition  "  of  the  particular 
^iX.  The  question  of— in  what  degree,  or  in  what  way,  restora- 
^o^  should  be  made,  is  one  for  the  exercise  of  the  judgment  and 
^^t;«lligeiice  of  the  tenant,  founded  on  his  knowledge  and 
rienoe  of  ibe  quality  and  condition  of  his  soiL 


After  very  cnrcful  consideration  of  the  subject,  I  am  disposed 
to  conclude  that  no  stipulation,  on  the  part  of  the  landowner,  to 
the  ejQfect  that  a  given  quantity  of  manure,  natural  or  artificial, 
shall  be  brought  upon  the  farm  from  external  sources  for  a  given 
quantity  of  produce  exported,  would  be  generally  applicable,  or 
obviate  the  difficulty  supposed.  There  would  be  no  difficulty  in 
estimating  the  amounts  of  nitrogen,  phosphoric  acid,  and  potass, 
sent  off  the  farm  in  known  descriptions  and  amounts  of  produce ; 
nor  would  there  be  any  in  determining  in  what  descriptions  and 
amounts  of  manure  the  constituents  exported  in  the  produce 
could  be  replaced.  But,  to  use  a  common  expression,  such  an 
arrangement "  would  not  work."  Indeed,  the  clause  often  intro- 
duced into  agreements,  binding  the  tenant  to  bring  back  rotten 
dung,  or  an  ^'  equivalent "  in  artificial  manure,  might  be  so 
taken  advantage  of  as  to  reduce  rather  than  to  restore  the 
fertility  of  the  soil. 

In  reference  to  the  subject  of  the  restoration  of  the  consti- 
tuents removed,  I  may  quote  an  extreme  case  by  way  of  illustra* 
tion.     On  one  of  the  experimental  plots  at  Rothamsted,  the 
potass  of  both  the  straw  and  the  corn  of  25  large  crops  of 
barley  has  been  removed  from  the  land  without  any  restoration 
of  potass  during  the  whole  of  the  period.     On  another  plot,  in 
the  same  field,  potass  has  been  applied,  in  addition  to  the  same 
manures,  every  year,  for  25  years  in  succession,  without  increas- 
ing .the  crop  more  than  by  a  fraction  of  a  bushel  of  com,  and 
about  1^  cwt.  of  straw,  per  acre  per  annum.    It  surely  would 
be  unreasonable  to  call  upon  the  tenant  to  be  at  the  expense  of  "^^^ 
replacing  the  potass    of  the  exported  produce  in  purchasedi^^^ 
manures,  if  the  soil  itself  \?ere  competent  to  supply  the  amounf".^^C2^ 
required.     It  is  true  that  we  are,  at  present,  very  ignorant  \w^  ^" 
regard  to  the  resources  of  various  descriptions  of  soil ;  and  r —  Jt 
is  quite  certain  that  very  many  soils  could  not  yield  the  amou^Ki?^ 
of  potass  that  has  been  taken  from  my  soil,  in  the  case  I  lia*^9V 
just  cited.     But  assuming  a  soil  to  be  deficient  in  availato^ 
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'K)otass  for  the  crops  that  the  tenant  M'ishod  to  grow,  would  not 
le,  rather  than  the  landowner,  he  the  sufferer  if  he  attempted 
^to  grow  them  without  supplying  it  ?    If  he  were  at  the  ex- 
'pense  of  supplying  sufficient  available  nitrogen  and  phosphoric 
acid  to  produce  the  crops  he  desired,  assuming  the  soil  to  con- 
tain an  abundance  of  potass,  and  if,  instead,  the  soil  were  de- 
ficient in  potass,  the  manures  he  did  apply  would  not  have  their 
full  effect,  and  he  would  incur  a  corresponding  loss  of  money  in 
the  operation. 

If  the  motto  ^^  Practice  with  Science  "  have  any  real  signifi- 
cance as  applied  to  agriculture,  the  union  of  the  two  should  at 
least  teach  the  lessons  that  the  resources  of  the  soil  itself  are 
to  be  turned  to  profitable  account ;  that  those  constituents  which 
the  soil  itself  will  yield  in  abundance  need  not  be  added ;  but 
that  those  in  which  it  is  deficient  should  be  applied  to  it  in  the 
cheapest  possible  way.    Experience  alone  can  teach  the  farmer 
^hat  are  the  resources,  of  the  soil  with  which  he  has  to  deal. 
Xiight  land  farmers  know  full  well  that  the  inherent  resources  of 
their  soils  have  a  limit  which  is  very  soon  reached ;  that  a  too 
liberal  use  of  nitrogen,  in  the  form  of  nitrate  of  soda,  is  liable 
to  be  followed  by  mildew,  or  a  laid  crop ;  and  they  are  thus 
Earned  that  they  cannot,  without  loss  to  themselves,  disturb 
t;he  healthy  balance  of  plant  food. 

The. soil  of  many  of  the  experimental  plots  at  Bothamsted 
been  subject  to  a  degree  of  exhaustion  such  as  cannot 
dbly  take  place  under  any  conceivable  system  of  commer- 
cjial  agriculture.    But  the  growth  of  corn,  hay,  or  root  crops, 
3rear  after  year,  on  the  same  land,  for  a  quarter  of  a  century  or 
xnore,  without  manure,  with  individual  manures,  and  with 
Tarious  combinations,  has  provided  important  data  forjudging 
of  the  available  resources  of  that  and  of  similar  soils.     Looking 
to  the  very  various  conditions  of  the  different  plots  so  differ- 
ently treated,  the  interesting  question  suggests  itself— whether, 
if  each  of  them  could  be  magnified  into  a  farm  of  100  acres. 
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Tfith  tho  history  of  ita  treatment  attached  to  it,  the  purchasii 
or  letting  value  would  be  different  in  the  different  cases  ? 

It  is  quite  certain  that  the  most  experienced  land-valuer  con 

not  detect  any  visible  difference  between  the  land  which  h 

grown  wheat  or  barley  for  25  years,  or  more,  with  superphosphai 

of  lime,  and  salts  of  potass,  soda,  and  magnesia,  and  that  whic 

has  grown  the  same  crop  with  salts  of  ammonia  alone.    £ 

might,  perhaps,  observe  a  difference  in  the  stubble,  but  thi 

would  be  in  favour  of  the  plot  exhausted  of  potass  and  phoi 

phoric  acid  by  the  continual  use  of  ammonia  salts  alone,  rath< 

than  of  that  to  which  an  excess  of  tho  mineral  constituents  ha 

every  year  been  added  without  nitrogen.    Compared  with  th 

land  of  neighbouring  farms,  the  chief  difference  he  would  ol 

serve  would  be  a  marked  freedom  from  weeds  on  the  cxper: 

mental  plots.    For  myself,  after  much  consideration  of  th 

subject,  I  feel  that  I  should  have  extreme  difficulty  in  assignin 

a  higher  letting  value  to  land  corresponding  in  condition  to  ths 

of  one  plot  rather  than  to  that  of  another,  or  in  fixing  a  differen 

rental  from  that  of  a  similar  land  in  the  neighbourhood.    A 

any  rate,  tho  difference  would  be  but  slight,  and  would  l 

applicable  for  only  a  short  period  of  time.    The  land  in  m 

immediate  locality  is  not,  as  a  rule,  kept  in  high  condition,  no 

very  clean ;  and  I  am  disposed  to  think  that  the  comparativ 

freedom  from  weeds  of  the  more  exhausted  experimental,  land  a 

Bothamsted  would  compensate  for  any  loss  of  condition  whie 

it  may  have  sustained  by  the  treatment  to  which  it  ba 

been  exposed,  and  that  I  should  give  it  the  preference  on  tha 

account. 

For  my  own  information,  and  for  that  of  the  numerous  agri 
culturists  who  visit  *  Rothamstcd  every  summer  daring  th 
growth  of  the  crops,  I  have  grown  many  more  com  crops  i 
succession,  by  means  of  purchased  manures,  on  most  of  the  lan( 
on  my  farm  not  under  continual  experiment,  than  I  shoult 
think  of  doing  if  my  only  object  were  profitable  farming,  o 
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than:  could  possibly  be  done  by  farmers  generally ;  and  I  think 

^e    unanimons  opinion  of  the  many  practical  farmers  who 

^pect  the  crops  so  growing  at  Rothamsted,  would  be   that 

the   land  is  surprisingly  clean,  and  that  there  is  no  eyidence 

of    exhaustion  such  as  they  would  expect  to  see  under  the 

circumstances. 

^Fhe  sources  of  supply,  external  to  the  farm  itself,  of  nitrogen, 
phosphoric  acid,  and  potass,  may  be  briefly  summarised  as 
follows : — 

JTUroffen. — The  sources  of  supply  of  nitrogen,  at  present 

blown,  are  more  limited,  in  proportion  to  probable  future 

requirements,  than  those  of  either  phosphoric  acid  or  potass. 

Tliere  are,  however,  vast  deposits  of  nitrate  of  soda  in  Peru 

acid  Bolivia.     Those  in  Bolivia  have  not  as  yet  been  worked. 

A  t;  present,  the  other  supplies  are  more  than  equal  the  demand. 

A.    :fQtare  generation  of  British  farmers  will,  doubtless,  hear  with 

soxxie  surprise  that,  at  the  close  of  the  manure  season  of  1876, 

tti^ewere  40,000  tons  of  nitrate  of  soda  in  our  docks  which 

<^^^xild  not  find  purchasers,  although  the  price  did  not  exceed 

2  or  £18  per  ton.      Peruvian  guano,  sulphate  of  ammonia, 

soot,  are  manures  which  also  supply  large  quantities  of 

^i'tnrogen.  The  consumption  of  purchased  cattle  foods  is  another 

^^'^e  and  increasing  source  of  supply  of  nitrogen  to  our  soils. 

Phosphoric  Acid. — The  external  sources  of  phosphoric  acid, 

^^ice  limited  to  that  in  bones,  are  now  very  extensive ;  and  the 

^^ipUes  of  it  from  various  mineral  deposits  throughout  the 

^^^rld  are  quite  equal  to  any  demand  for  it  that  is  likely  to  arise. 

-Potass. — Until  within  the  last  few  years,  the  chief  source  of 

Potass  was  wood  ashes,  and  this  supply  would  have  been  quite 

^Insufficient  to  meet  any  large  demand  for  it  for  manure.    The 

^^^covery,  in  Firussia  and  Anhalt,  of  vast  deposits  of  salts  of 

P^^ass,  mixed  with  salts  of  soda  and  magnesia,  has  greatly  in- 

^^^^^^sed  the  supply^  and  lowered  the  price,  of  potass  in  the  market. 

^  Company  has  recently  been  formed,  which  has  acquired  the 
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right  to  work  extensive  newly  discovered  deposits  in  Germany. 
From  their  prospectus  it  appears  that  the  area  of  their  conces- 
sions has  abready  been  proved  to  contain  enough  of  cmde  potass 
salts  to  supply  the  whole  of  the  arable  land  of  Great  Britain 
with  very  many  tons  per  acre. 

These  large  external  sources  of  supply  of  nitrogen,  phosphoric 
acid,  and  potass,  which  were  unknown  to  a  former  generation  of 
farmers,  would  afford  the  means  of  adequate  restoration  to  the 
land  under  a  very  much  less  restrictive  system,  both  as  to 
cropping  and  sales  of  produce,  than  that  which  now  prevails, 
and  is  considered  essential  for  the  maintenance  of  the  fertility 
of  our  soils.  It  is  generally  supposed  that  larger  quantities  of 
both  com  and  meat  are  produced  upon  a  given  area  of  land  in 
Great  Britain  than  in  any  other  country.  With  concentrated 
production,  agriculture  ceases  to  be  a  mere  process  of  sowing 
and  reaping.  It  becomes  a  process  of  manufacture,  involving 
numerous  complicated  problems,  for  the  solution  of  which  the 
aid  of  science  is  necessary,  and  should  be  gladly  welcomed. 
The  importance  of  science  to  agriculture  is,  however,  more  fully 
recognised  in  several  other  countries  than  in  our  own.  Even 
the  farmers  of  the  United  States,  who,  with  their  vast  area  of 
virgin  soil,  are  able  to  supply  us  with  both  com  and  meat  at 
prices  which  we  find  it  difiBcult  to  contend  against,  have  their 
Journal  of  Scientific  Agriculture^  and  they  are  generally  much 
better  acquainted  with  the  investigations  in  progress  at  the 
different  agricultural  stations  on  this  side  of  the  Atlantic  thai 
arc  our  own  farmers. 

May  we  not  attribute  some  of  the  indifference  to  the  teachinf 
of  science,  which  is  displayed  by  the  British  agriculturist,  to  i 
influence  of  the  restrictive  covenants  under  which  he  work 
May  not  the  farmer  argue,  with  some  show  of  reason,  that  if 
useless  to  ttouble  himself  about  scientific  principles,  so  Ion; 
his  landlord  places  a  veto  upon  his  application  of  them 
practice  7 
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If  it  bo  trae,  as  I  said  at  the  commencement,  that  the  interests 

the  landowner  and  the  tenant  are  intimately  connected,  and 

tatnally  dependent,  rather  than  conflicting,  and  that  the  tenant 

^::;annot  suffer  loss,  without  injury,  sooner  or  later,  overtaking  the 

landowner,  the  present  time  would  seem  to  be  very  appropriate 

:jR>r  considering  whether  the  restrictions  on  crop  ping  and  sales 

^snight  not,  with  advantage  to  both,  be  materially  modified,  or 

^ven  in  some  cases  entirely  removed  ?    The  last  few  years  have 

entailed  serious  losses  upon  the  business  of  farming.     Owing  to 

cattle  diseases,  and  other  causes,  the  live-stock  of  the  country 

has  diminished,    I  have  myself,  for  the  last  three  years  in 

suoceasion,  recorded  in  the  Times  a  wheat  crop  much  below  the 

average;  whilst,  until  quite  recently,  the  price  has  been  kept 

down  by  large  imports.    Further,  there  has  been  a  considerable 

increase  in  the  cost  of  labour,  without  a  corresponding  increase 

in  its  efficiency.     All  these  unfavourable  circumstances  have 

pressed  heavily  upon  farmers  ;  and  it  is  generally  believe  1  that. 

an  onusoally  large  number  of  farms  are  just  now  thrown  upon 

the  hands  of  the  landowner.     It  is  to  be  feared  that  many 

tenants  have  been  living  upon  their  capital,  and  that  it  is  only 

the  fortunate  few  who  have  of  late  years  been  able  to  lay  by  any 

^oney. 

I  would  not  say  that  freedom  of  action  as  to  cropping  and 
^ulcB  would  be  a  complete  remedy  for  all  these  adverse  circum- 
stances ;  nor  should  I  wish  to  see  it  granted  indiscriminately. 
^ut  I  do  not  hesitate  to  say  that,  if  I  entered  upon  the  business 
Of  farming  to  make  money,  I  could  not  conduct  it  to  the  best 
^^vantage  without  such  freedom.     If  there  are  many  farmers 
^^ho  have  too  little  knowledge  and  intelligence  to  comprehend 
"^lie  requirements  of  an  improved  system  of  agriculture,  and 
\oo  little  capital  to  carry  it  out  with  success,  there  are,  on  the 
other  hand,  many  who  do  possess  both  the  requisite  intelligence 
^nd  the  requisite  capital.    It  is  on  their  behalf  that  I  would 
address  the  owners  of  the  soil.    But,  in  proposing  the  relaxation 


or  abandonment  of  long-established  restrictions,  I  would  not  by 
any  means  assume  that  the  tenant  alone  will  reap  the  benefit. 
Not  only  the  producer,  but  the  consumer — the  public  at  large 
— ^must  derive  advantage  from  an  improved  and  more  productive 
system  of  agriculture.  Nor  could  these  results  follow  without 
favourably  re-acting  upon  the  interests  of  the  landowner. 

Since  restrictive  covenants  were  first  generally  established' 
great  changes  have  taken  place  in  almost  every  important 
element  of  the  question  involved.  There  have  been  changes  in 
the  actual  and  relative  prices  of  the  various  products  of  the 
farm.  There  has  been  advance  in  our  knowledge  of  the  capa- 
bihty,  and  of  the  exhaustion,  of  soils,  and  in  our  knowledge  of 
the  action  of  manures.  The  sources  of  external  supply  of  the 
most  important  constituents  of  manure  have  been  vastly  de- 
veloped, and  are  capable  of  further  development.  All  these 
changes  point  in  one  direction — in  the  direction  of  greater 
freedom  in  the  cultivation  of  the  soil,  and  of  greater  freedom  in 
the  sale  of  its  products.  Thirty  years  ago,  it  was  believed  that 
"  protection  "  was  necessary  to  keep  up  the  value  of  the  land  of 
this  country.  Time  has  shown  how  fallacious  was  that  belief. 
Is  it  not  possible,  or  even  probable,  that  the  fears  now  enter— ^ 
tamed  that  the  fertility  of  our  soils,  and  their  rental  valw 
cannot  be  kept  up  without  the  artificial  protection  of  restricti^ 
covenants,  may  prove  to  be  equally  groundless  ? 
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There  can  be  no  doubt  in  the   minds  of  all  present  that 
liritish  Agriculture  is  passing  through  a  crisis  of  unusual 
^verity.     The  complaints  which  farmers  are  accused  of  mak- 
ing, even  in  the  best  of  times,  spring  from  very  different 
causes  from  those  which  we  now  hear  of  around  us.     Bad 
reasons,  following  each  other  in  close  succession,  in  a  manner 
quite  unusual  even  in  the  uncertain  climate  of  these  islands, 
have  seriously  reduced  the  produce  of  the  land.     Immense 
importations  of  com  have  deprived  the  farmer  of  the  higher 
prices  which  would  otherwise  have  compensated  him  for  his 
diminished  crops.     He  pays  a  higher  price  for  labour,  fre- 
quently without  any  corresponding  increase  in  its  efficiency. 
Lastly,  diseases  among  stock,  the  dread  of  future  disease  from 
imported  animals,  and  the  influence  of  importations  of  live 
stock  and  dead  meat  upon  prices,  present  and  prospective, 
have  greatly  increased  his  difficulties.     For  the  moment  his 
energies  are  paralysed,  and  he  is  led  to  inquire  what  he  is  to 
do  next  ? 

It  need  hardly  be  said  that,,  under  these  circumstances, 
advice  is  not  wanting.     In  fact,  it  is  so  abundantly  offered, 
and  is  of  such  various  kinds,  that  you  must  have  some  diffi- 
culty in  selecting  that  which  is  most  applicable  to  your  own 
Case.    You  are  told  to  farm  more  scientifically,  to  meet  lower 
prices  by  increased  production,  or  to  put  a  stop  to  music  in 
your  family  circle!    These  are  specimens  of  the  numerous 
i^emedies  proposed  to  enable  you  to  meet  the  difficulties  which 
Ht  present  surround  you,  and  still  to  carry  on  ^oxxt  larovYsv^ 
ppeiatioDS  with  a  profit 
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It  will  doubtless  be  some  comfort  to  you,  if  I  say  at  tho 
commencement  of  my  address,  that  I  do  not  propose  to  add 
myself  to  the  list  of  your  advisers.  I  possess  no  specific 
against  the  combined  effects  of  bad  seasons,  cheap  com,  dear 
labour,  and  cheapening  meat.  You  will  gather  from  the  title 
of  my  paper  that  my  object  is  rather  to  assist  you  in  examin- 
ing into  the  applicability  of  one  of  the  pieces  of  advice  fre- 
quently offered  to  you ;  namely,  that  you  should  meet  lower 
prices  by  increased  production. 

No  one  will  deny  that  a  great  deal  of  the  laud  of  the 
country  is  badly  farmed,  or  that  it  would  be  more  profitable 
to  raise  more  produce  upon  it.  To  what  extent  such  is  the 
case  in  Berwickshire  I  am  unable  to  say.  A  reference  to  the 
Agricultural  Statistics  will,  however,  give  us  some  idea  of  the 
general  character  of  the  cultivation  of  the  county.  I  find 
that,  in  1878,  it  comprised  193,622  acres  of  arable  and  pasture 
land,  exclusive  of  heath  or  mountain  land,  and  that  this  area 
was  under  different  crops,  as  follows : — 

Per  Cent. 

Grain  and  pulse  crops, 33 

Green  crops  (excluding  clover  and  grass),         .        .18 
Permanent  grass,  clover,  &c. ,  in  rotation,  for  hay,   .       5^ 
Do.  Do.  Do.  not  for  hay,     .    43^ 

100 

Thus,  scarcely  one-third  is  devoted  to  the  growth  of  corn 
crops ;  and  even  if  all  the  com  and  potatoes  grown,  and  all 
the  hay  made,  were  sold  off  the  farm,  the  produce  of  scarcely 
40  acres  in  every  100  would  be  sold,  leaving  60  for  consump- 
tion by  stock  for  the  production  of  meat  and  manure,  the 
latter  to  be  retained  on  the  land.  But  we  know  how  wide  of 
the  truth  it  is  to  assume  that  all  the  hay  and  oats  grown  are 
sold;  and  we  have  at  the  same  time  to  bear  in  mind,  that  the 
straw  grown  on  the  33  per  cent,  of  land  which  is  devoted  to 
com,  will  for  the  most  part  be  retained  on  the  fann.  If,  in 
addition  to  these  facts,  we  were  to  take  into  account  the 
cattle  foods  and  manures  purchased  and  brought  on  to  the 
land,  I  think  we  should  have  abundant  evidence  that  Ber- 
wickshire is,  upon  the  whole,  a  highly  farmed  county ;  and 
//  a  certain  proportion  is  badly  farmed,  we  may  conclude  that 
the  remainder  ia  in  a  high  state  oi  cuUwciXivau. 
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It  is  to  those  in  this  county  who  do  already  farm  highly 
that  my  remarks  are  chiefly  applicable ;  but  they  will  apply 
also  to  high  farming  generally,  wherever  it  may  be  practised. 
No  one,  I  suppose,  can  doubt  that  the  soils  of  this  country 
are   capable  of  producing  very  much  more  wheat  and  meat 
than  they  do  at  present,  if  not,  indeed,  all  that  is  required  to 
support  the  population.     If  imports  of  these  articles  were  pro- 
liibited,  or  a  heavy  duty  imposed  upon  them,  there   is   no 
doubt  that  a  much  higher  system  of  farming  would  be  profit- 
a.ble  than  at  present  prevails.     In  such  a  case,  however,  our 
ciependence  on  the  produce  of  foreign  soils  would  not   be 
lessened.     The  increased  production  of  wheat  and  meat  here 
supposed  could  only  be   attained   by  increased  imports  of 
cattle  foods  and  manures.     The  countries  which  now  supply 
lis  with  wheat  and  meat  would  supply  instead  such  products 
as  they  were  permitted  to  sell  to  us.     Our  dependence  on  the 
foreigner  would  therefore  be  equally  great;  the  only  differ- 
ence would  be  that  it  would  be  for  other  commodities  than  at 
present. 

Our  subject  is  not,  however,  what  should  be  done  if  wheat 
and  meat  were  to  advance  in  price;  but  whether  a  higher 
standard  of  farming  can  be  recommended  to  compensate  for  a 
reduction  in  price.  To  put  the  matter  plainly: — supposing 
there  were  a  permanent  reduction  in  the  price  of  the  saleable 
produce  of  the  farm  to  the  extent  of  20  per  cent,  would  the 
proper  remedy  be  to  increase  our  produce  per  acre  by  one- 
fourth,  and  so  to  bring  up  the  saleable  value  to  the  sam(j 
amount  as  before  ? 

There  can  be  but  httle  difference  of  opinion  as  to  what  iB 
to  be  understood  by  the  term  "  high  farming."  It  is  certainly 
not  high  farming  tliat  produces  the  wheat  which  is  now  sell- 
ing at  80  low  a  price  in  our  markets.  When  we  read  in  the 
United  States  papers  that  in  one  year  20,000,000  acres  of 
land  had  been  purchased  for  cultivation,  and  that  within  ten 
years  10,000,000  acres  had  been  added  to  the  area  under 
wheat  alone,  it  will  be  at  once  understood  that  it  is  what  is 
called  extensive  as  distinguished  from  inteimve,  or  high  farm- 
ing, that  has  yielded  the  supplies  we  receive.  Nor  can  there 
be  any  doubt  as  to  one  main  cause  at  least,  of  the  present 
depression.    Farming  on  the  four-course  system,  consuming 
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each  alternate  crop  on  the  farm,  and,  in  addition  to  this, 
converting  all  the  straw  of  the  com  crops  into  manure,  but 
without  the  use  of  purchased  foods  or  manures,  would  not 
constitute  high  farming. 

High  farming  is  a  very  different  process.  It  implies  the 
importation  of  material  from  without.  All  soils  are  capable 
of  yielding  more  or  less  annually  from  their  own  substance  to 
the  produce  which  grows  upon  them.  But,  the  greater  the 
amount  of  cattle-food  and  manure  purchased  and  brought 
upon  the  land — that  is,  the  higher  the  farming — the  less  will 
the  soil  itself  contribute  to  the  crops.  Indeed,  in  many  cases, 
it  contributes  nothing  at  all,  but  becomes  richer  by  the  pro- 
cess. Under  such  circumstances,  the  soil  may  be  said  to 
serve  mainly  as  a  reservoir  for  the  manures  applied,  and  for 
the  necessary  moisture,  and  to  afford  support  to  the  growing 
plants ;  so  that,  with  the  aid  of  the  sun's  rays,  they  may  be 
enabled  to  accumulate  carbon  (and  other  constituents)  from 
the  atmosphere.  They  thus,  so  to  speak,  manufacture  raw 
material  supplied  from  external  sources.  Under  such  condi- 
tions agriculture  is  a  manufacture  depending  on  the  products 
of  other  soils,  and  on  the  atmosphere,  for  its  raw  material, 
just  as  much  as  do  the  manufactures  of  wool,  cotton,  and  silk 
depend  on  external  sources  for  their  material. 

Adopting  the  foregoing  description  of  high  farming,  we 
have  next  to  inquire  whether  those  who  already  practise  i 
should  carry  it  out  still  further,  as  a  means  of  compensatio 
fur  a  lower  standard  of  prices  of  com  and  meat  ? 

Before  any  answer  can  be  given  to  this  question,  it  will  1 
necessary  carefully  to  consider  what  are  the  various  sourc 
the  effects,  and  the  cost  of  manures. 

Many  of  the  charges  connected  with  farming  are  much  ' 
same  whatever  may  be  the  value  of  the  crops  grown^ 
coui-se,  harvesting  a  large  crop  of  com  costs  something  n 
for  labour  than  harvesting  a  small  one,  and  the  expenses  < 
heavy  crop  of  roots  will  also  be  somewhat  more  than  c 
light  one.     Still,  it  may  be  said  that,  with  the  exceptio 
the  extra  cost  of  the  manure  required  to  grow  the  larger 
the  charges  remain  very  much  the  same  whether  the  am 
and  the  value,  of  the  produce  be  great  or  small.     If,  thei 
the  increase  in  the  produce  bore  a  cotvalaut  "^To^Ttvon  ^ 
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increase  in  the  amount,  and  consequently  the  cost,  of  the 
manure  applied — if,  in  fact,  the  application  of  two  or  three 
times  as  much  manure  yielded  twice  or  thrice  as  much  in- 
crease of  crop — then  higher  farming  would  be  a  remedy  for 
lower  prices.    But  such  is  not  the  case.     It  may,  it  is  true, 
be  said  that,  as  the  produce  increases,  the  proportion  of  the 
fixed  expenses  to  be  charged  upon  a  given  amount  of  it 
diminishes,  thus  tending  to  compensate  for  the  less  produc- 
tiveness of  a  given  amount  of  manure  the  greater  the  quantity 
of  it  applied.     But  a  very  little  consideration  of  the  facts  I 
propose  to  bring  before  you  would  show  that,  with  increased 
production  beyond  a  certain  limit,  the  cost  of  the  manure  for 
a  given  amount  of  increase  increases  very  much  more  rapidly 
than  the  proportion  of  the  fixed  expenses  diminishes. 

Nowhere  are  the  extremes  of  farming  better  illustrated,  and 
nowhere  can  they  be  better  studied,  than  in  the  results  of  the 
field  experiments  at  Eothamsted.  Nowhere  else  are  various 
crops  grown  for  a  great  many  years  in  succession,  in  some 
cases  without  any  manure  at  all,  so  as  to  tax  the  capability  of 
the  soil  itself  to  the  utmost,  and  in  others  with  very  liberal 
supplies,  either  of  farmyard  manure  or  of  artificial  manures, 
so  as  to  enrich  it  as  much  as  possible.  So  liberal,  indeed, 
has  been  the  application  of  farmyard  manure  in  some  of  the 
experiments,  that  a  critic,  who  apparently  did  not  quite  under- 
stand their  object,  was  reported  in  the  North  British  Agricul- 
turist to  have  said  that  we  seemed  to  have  a  spite  against 
farmyard  manure,  as  he  considered  that  much  smaller  appli- 
cations would  have  produced  as  much  efifect. 

I  propose  now  to  call  your  attention  to  some  of  the  field 
experiments  in  question,  the  results  of  which  will  prove  that, 
beyond  a  certain  limit,  the  increase  of  crop  is  not  in  propor- 
tion to  the  increase  in  the  amount  of  manure  applied.  In 
other  words,  that  the  higher  you  farm  beyond  a  certain  limit, 
the  less  is  the  amount  of  increase  you  obtain  for  a  given 
amount  of  manure,  and,  therefore,  the  greater  the  cost  of  that 
increase.  If  this  l)e  the  case,  it  is  obvious  that  the  cost  of 
manure  is  a  very  important  subject  for  consideration. 

It  is  frequently  assumed  that  the  manure  made  by  feeding 
stock  costs  nothing;  that  by  skilful  and  judicious  manage- 
ment, the  cost  of  the  food,  and  the  other  expenses,  will  be 
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covered  by  the  value  of  the  meat  produced  and  sold ;  and 
that,  this  being  so,  the  manure  is  obtained  gratis.  I  shall, 
therefore,  occupy  a  portion  of  the  time  at  my  disposal  in  illus- 
tration of  the  fact  that  the  food  of  an  animal  will,  as  a  rule, 
cost  more  than  the  meat  produced  will  sell  for;  and  that,  con- 
sequently, the  cost  of  the  food,  and  the  other  necessary  expenses, 
cin  only  be  recovered  by  charging  a  portion  to  the  manure. 

To  commence  with  the  field  experiments.  I  shall  first  call 
your  attention  to  some  of  the  results  of  some  experiments  on 
an  ordinary  rotation  of  crops,  which  are  now  in  the  thirty- 
second  year  of  their  progress.  The  arrangement  of  them  is 
in  reality  very  simple;  though,  from  their  number,  it  will 
require  a  little  attention  fully  to  comprehend  the  plan. 

Experiments  on  Rotation. 

The  ordinary  four-course  rotation  of  turnips,  barley,  clover 
or  beans,  and  wheat,  has  been  adopted ;  and  the  eighth  crop 
of  wheat,  that  is  to  say,  the  last  crop  of  the  eighth  course, 
is  now  growing.  In  the  first  course,  a  large  crop  of  clover, 
which  was  mown  three  times,  was  obtained.  In  the  second 
and  third  courses,  red  clover  was  again  sown,  but  it  failed 
each  time,  and  beans  were  then  put  in  instead.  Beans  were 
also  grown  in  the  fourth,  fifth,  sixth,  and  eighth  courses ; 
but  in  the  seventh,  red  clover  was  again  tried,  and  it  grew 
s'lccessfully,  again  yielding  three  cuttings.  We  have  had, 
therefore,  eight  crops  of  roots,  eight  of  barley,  six  of  beans, 
two  of  red  clover,  and  seven  of  wheat ;  the  eighth  of  this  last 
crop  being  now  growing. 

Such  being  the  course  of  cropping,  I  will  now  explain  the 
system  adopted  as  to  manure. 

One-third  of  the  land  has  been  kept  entirely  without  manure 
throughout  the  whole  period  of  the  experiments. 

One-third  has  received  mineral  superphosphate  of  lime 
alone,  every  fourth  year,  that  is  for  the  root  crops. 

The  other  third  has  received,  also  every  fourth  year  only, 
tliat  is  for  the  roots  commencing  each  course,  a  very  liberal 
artificial  mixture,  composed  as  follows :  ^ — 

^  For  the  first  course,  only  1000  lbs.  rape  cake  instead  of  2000  Iba.,  as  always 
afterwards,  were  applied.  In  the  first  and  second  courses  less  superphoaphata, 
and  in  the  first  course  less  potass,  and  no  soda  or  magnesia,  was  used. 
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Rape  cake, 
Sulphate  ammoDia, 
Muriate  ammonia, 
Sulphate  of  potass, 
Sulphate  of  soda. 
Sulphate  of  magnesia, 
Superphosphate  of  lime. 


Per  Acre. 
2000  lbs. 

100  lbs. 

100  lbs. 

300  lbs. 

200  lbs. 

100  lbs. 

350  lbs. 


This  mixture  I  shall  speak  of  as  the  Complex  Manure. 
Next  as  to  the  treatment  of  the  crops : — 
Each  of  the  three  portions,  so  differently  treated  as  to 
^^i^^nure,  has  been  divided  into  two  experiments.  From  one 
^^If,  the  whole  of  the  produce,  roots  and  tops,  corn  and  straw, 
^^d  clover,  has  been  removed.  On  the  other  half  of  each,  the 
^^iy  difference  has  been,  that  the  roots  were  fed  on  the  land 
^y  sheep  having  no  other  food,  and  the  tops  were  also  left  on 
^*ie  land. 

We  have,  therefore,  three  experiments  in  wliich  the  whole 
^f  the  produce  has  been  carried  away  for  thirty-one  years  in 
Succession ;  on  one  without  any  manure  having  been  applied ; 
^'^  another  with  mineral  superphosphate  of  lime  alone,  applied 
^^  the  roots,  that  is  every  fourth  year ;  and  on  the  third  with 
^  very  heavy  artificial  manuring,  also  for  the  roots  only.  We 
*>ave  also  three  exactly  parallel  experiments  with  the  roots 
^ed  upon  the  land  by  sheep  instead  of  being  carted  away. 

I  may  mention  that  there  is  another  series  of  six  experi- 
ments, corresponding  in  every  respect  with  those  the  results 
^f  which  are  given  in  the  Tables,  with  the  exception  that 
l)are  fallow,  instead  of  either  beans  or  clover,  has  been  taken 
between  the  barley  and  the  wheat  in  each  course  since  the 
first,  when  clover  was  taken.  I  do  not  propose  to  refer  to 
this  last  set  of  experiments  on  the  present  occasion,  as  to  do 
so  would  lead  me  away  from  my  subject ;  but  I  may  observe 
that  the  comparison  between  a  rotation  with  clover  or  beans, 
and  one  with  bare  fallow,  presents  many  points  of  interest. 

1  will  now  call  attention  to  the  results  obtained  in  these 
Rotation  Experiments.  In  Table  I.  is  given  the  produce  of 
roots,  of  com,  and  of  clover  hay,  and  to  this  I  shall  confine 
my  remarks.  But,  for  the  information  of  those  who  may  wish 
to  study  the  subject  further,  there  are  given  in  Table  II.  the 
amounts  of  the  "  Swede-tops  "  and  of  the  straw  also. 


TAHI.E  I. 

EXPERIMEXTS  ON  yOUR-CUUUSK  liOTATlON,  AT  IluTIlAMSTE 

Summari/ : — Average  Produce  of  Soots,  Com,  a7ui  Clovti-  h 
Eight  Courses,  1848-1879. 


Roots 

Cwtod. 

Koot 
F«d. 

Sooli—Stneda,  7  eropa ;  18*8,  18S3.  1856,  1860, 

1894,  (1868  Med),  1872,  1876. 

Compfeillauuie.  forKoulaonlj,.                  .         . 

Barley  Grain,  8  crops;  1819,  1863,  1867,  1861, 
ISe5,  1869,  1873,  1877. 

Complex  Manure,  for  Roota  only,. 

flo,«  Corn.  6  croi«i;  18H,  1858,  1862,  1896, 
1870,  1878. 

Conijil»x  Manure,  for  Roota  only 

Clmvr,  1850  iwd  1874.    [Oalculated  »s  Hay.) 

1  1850.     .         . 

l        MMn,    . 

18D0.     .         . 
SuiKTIilmsphnlP,  for  Moots  only,          '^^*'     " 

Mean,     . 

1S60,     . 
Conipki  Manure,  for  Roots  only,    ■   '^'■*'     "         " 

M«D,      . 

Whwt  Grain,  7  crops;  1851,  1855,  18;,9,  1883, 
1867,  1871,  1875. 

■  -•-  for  BooM  only 

■■-"'Iv 

Tons. 

n 

BiuheU. 

Si 

Bushels. 

'i 

Cwta. 
51 
31J 

Toa 

1 
8 
13 

Bnihe 

Btuh' 
IS 
1^ 
2 

C- 

65 

«3 
8*1 

7S| 

Bushdi. 

80 
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TABLE  II. 

Experiments  on  Four-course  Rotation,  at  Eothamsted. 

Summary : — Average  Produce  of  Swede- Tops  and  of  Straw  ; 

Eight  Courses,  1848-1879. 


Roots 
Carted 


Swede-Tops,  7  crof>8;  1848,  1852,  1856,  1860, 
I  1864,  (1868  faUed),  1872,  1876. 

Unmanared,  continuously,  .  .  .  .  , 
Superphosphate,  for  Roots  only,  .  .  .  . 
Complex  Manure,  for  Roots  only, .        .        .         , 

Barley  StraWy  8  crops;  1849,  1863,  1857,  1861, 
1866,  1869,  1873,  1877. 

Unmannred,  continuously,    .... 
Superphosphate,  for  Roots  only,   . 
Complex  Manure,  for  Roots  only,. 

Bean  Straw,  6  crops;  1854,  1858,  1862,  1866, 

1870,  1878. 

Unmannred,  continuously,    .... 
Superphosphate,  for  Roots  only,  . 
Complex  Manure,  for  Roots  only, . 

Wheat  Straw,  7  crops;  1851,  1866,  1869,  1863, 
1867,  1871,  1876. 


Unmannred,  continuously,   . 
Superphosphate,  for  Roots  only,    . 
Complex  Manure,  for  Roots  only,. 


In  the  upper  division  of  Table  I.  you  have  the  average 
produce  of  roots  per  course,  over  seven  courses  (one  failing), 
under  each  of  the  three  conditions  as  to  manure,  and  both  on 
the  carted  and  on  the  fed  portions  of  the  land.  You  will 
observe  that,  without  manure,  there  was  practically  no  crop 
of  roots  at  all.  The  swedes  which  grew  did  not  represent  the 
cultivated  root  you  are  accustomed  to  see,  either  in  size,  form, 
or  composition.  Mineral  superphosphate  of  lime,  alone,  in- 
creased the  crop  considerably,  giving  an  average  of  between  7 
and  8  tons  of  roots.    The  complex  manure  gave  an  average  of 
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al)out  5  tons  more,  raising  the  crop  to  about  13  tons.  You  will 
observe  that,  under  neither  condition  as  to  manaring  was 
there  any  material  dijBerence  in  the  succeeding  crop  of  roots 
grown  on  the  portion  from  which  they  had  previously  been 
carted,  as  compared  with  that  on  which  they  had  always  been 
fed.  It  is  to  be  concluded,  therefore,  that  the  manure  left  on 
the  land  by  the  sheep,  was  either  taken  up  by  the  intermediate 
crops,  lost  by  drainage,  or  remained  in  the  land  in  a  condition 
not  available  for  the  next  crop  of  roots. 

There  being  practically  no  crop  of  roots  to  carry  away  from 
the  unmanured  land,  and  as  little  to  be  fed  on  the  land,  we 
sliould  naturally  expect  scarcely  any  difference  in  the  amounts 
of  the  crops  subsequently  grown  on  the  two  portions  of  un- 
manured land.    We  find,  however,  a  considerable  difference, 
there  being  an  average  of  more  than  4  bushels  of  barley  in 
favour  of  the  portion  from  which  the  roots  were  carted,  as 
compared  with  that  on  which  they  were  fed.    It  is  quite  cer- 
tain that  this  anomalous  result  is  not  due  to  any  want  of  care 
in  the  conduct  of  the  experiments.    It  may,  I  think,  safely  be 
attributed  to  a  slight  but  unfortunate  difference  in  the  charac- 
ter of  the  land.    In  the  present  state  of  our  knowledge  on 
such  subjects,  considerable  caution  is  necessaiy  in  attempting 
to  trace  a  connection  between  the  fertility  of  a  soil  and  its 
composition  as  shown  by  analysis.     Still,  I  may  mention  that, 
at  two  periods,  with  an  interval  of  seven  years  between, 
samples  of  the  Hrst  9  inches,  the  second  9  inches,  and  the 
tliiixl  9  inches,  or  to  a  total  depth  of  27  inches,  have  been 
taken  from  each  of  the  separate  plots  of  land;  and,  on  each 
occasion,  analysis  has  shown  a  marked  superiority  in  the  land 
from  which  the  roots  are  carted,  and  which  has  yielded  the 
largest  crops  of  both  barley  and  wheat ;  and  the  superiority  is 
the  more  marked  in  the  second  and  third  than  in  the  top  9 
inches  of  soil. 

You  will  doubtless  notice  with  some  surprise  that  so  much 
barley  was  giown  on  land  in  a  condition  incapable  of  growing 
even  a  moderate  crop  of  roots.  From  4  to  4^  quarten  of 
barley  is  probably  as  much  as  the  average  yield  of  that  crop 
in  Great  Britain.  On  this  point  it  should  be  bonie  in  mind^ 
that  as  nothing  was  removed  in  the  preceding  root  crop,  th» 
laad  was,  to  all  intents  and  p\\r][)aAi'H,  teWcrw^iL  (^  tha  buley. 
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It  will  be  seen,  further  on,  however,  that  the  wheat  crop 
growing  in  this  permanently  unmanured  rotation,  also  ap- 
proached very  closely  to  the  average  yield  of  that  crop  over 
the  country  at  large. 

Upon  the  land  manured  with  mineral  superphosphate  for 
the  Swedes,  the  removal  of  about  8  tons  of  roots  (and  the  tops) 
has  reduced  the  produce  of  barley  to  28^  bushels,  or  to  nearly 
3  bushels  less  than  the  lowest  unmanured  produce ;  whilst  the 
consumption  of  the  Swedes  on  the  land  has  raised  the  produce 
to  nearly  40  bushels.  The  exhaustion  of  the  soil  by  the  re- 
moval of  the  roots  is  thus  equal  to  the  loss  of  more  than  11^ 
bushels  of  barley. 

Turning  to  the  complex  manure  plots,  it  will  be  seen  that, 
although  from  the  portion  from  which  the  roots  were  carted  a 
much  larger  quantity  was  removed  than  from  the  correspond- 
ing portion  of  the  superphosphate  plots,  still  the  crop  of  barley 
was  very  much  greater.  It  was,  in  fact,  about  13J  bushels 
more  than  where  the  superphosphate  roots  were  removed,  and 
even  from  1  to  2  bushels  more  than  where  the  superphosphate 
roots  were  consumed  upon  the  land. 

The  explanation  of  this  is  not  far  to  seek.     The  superphos- 
phate supplied  no  nitrogen,  but  it  enabled  the  root  crop  to 
gather  up  a  quantity  already  accumulated  within  the  soil 
itself.     The  available  stock  within  the  soil  of  this  important 
substance  was  so  far  drawn  upon  by  the  removal  of  the  8  tons 
of  roots,  and  their  tops,  that  the  succeeding  crop  of  barley  was 
much  reduced.     In  the  rape-cake  and  ammonia  salts  of  the 
complex  manure,  on  the  other  hand,  from  130  to  140  lbs.  of 
nitrogen  were  supplied,  and  this  is  very  much  more  than  was 
removed  in  the  13  tons  of  roots  grown  by  it.    Thei^e  was, 
therefore,  a  considerable  residue  of  that  supplied  in  the  manure 
available  for  the  succeeding  barley  crop,  which  was,  accord- 
ingly, raised  to  41^  bushels. 

The  consumption  on  the  land  M  the  Swedes  grown  by 
the  complex  manure  has  added  only  about  5|  bushels 
more.  Nevertheless,  it  is  certain  that  by  far  the  larger 
proportion  of  the  nitrogen,  and  other  constituents,  derived 
from  the  9oil  by  a  crop  of  roots,  is  returned  to  it  when 
they  are  consumed  by  animals  on  the  land;  whilst,  of  those 
constitaents  which  are  derived  by  the  plant  from  the  atmo- 
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sphere,  l)y  far  the  larger  propoilion  is  returned  to  the  atmo- 
sphere by  the  animals. 

It  is  obvious  that,  in  this  experiment,  where  the  highly 
manured  roots  were  fed  on  the  land,  compared  with  that  where 
they  were  drawn  off,  we  have,  so  far  as  the  succeeding  barley 
is  concerned,  an  instance  of  high  farming,  without  a  con-e- 
spondiiig  return  in  the  amount  of  produce. 

Turning  to  the  bean  crops,  it  will  be  observed  that,  both  on 
tlie  unmanured  and  the  superphosphate  plots,  they  are  very 
small.  On  the  unmanured  plots  there  is  practically  no  difl'er- 
ence  between  where  the  roots  had  been  carted  and  where  they 
had  been  fed.  On  the  superphosphate  plot  the  crop  of  beans 
was  rather  higher  where  the  roots  had  been  fed.  On  the 
complex  manure  plots  the  crop  of  beans  was  considerably 
higher;  being  about  22  bushels  where  the  roots  had  been  carted, 
and  about  24 1  bushels  where  they  had  been  fed.  This  is 
rather  more  than  double  the  amount  obtained  without  manure. 
The  difference,  or  12  bushels,  is,  therefore,  due  to  the  residue 
of  the  manures  left  after  the  removal  of  the  barlev. 

Tlie  difference  in  the  amounts  of  produce  of  the  two  crops 
of  clover  is  exceedingly  interesting.  Between  1850,  when  the 
first,  and  1874,  when  the  second  crop  of  clover  was  taken,  six 
crops  of  wheat,  six  crops  of  barley,  and  five  crops  of  beans  had 
been  removed  from  the  whole  of  the  plots,  and  from  one-half 
of  them  five  crops  of  roots  in  addition. 

On  the  unmanured  plots  about  1  ton  less  hay  was  grown 
per  acre  in  1874  than  24  years  previously.  On  the  super- 
phosphate plots  the  second  clover  crop  was  slightly  lower  than 
the  first  where  the  roots  (as  well  as  all  the  other  intermediate 
crops)  had  been  removed;  but  it  was  in  a  greater  degree 
higher  where  the  roots  had  been  consumed  on  the  land.  It  is 
remarkable  that,  although  the  intermediate  crops  removed  con- 
siderably more  nitrogen,  and  also  more  of  other  constitaents, 
from  the  superphosphate  than  from  the  unmanured  plots,  the 
superphosphate  plots  should  still  yield  a  much  higher  crop 
of  clover  at  the  second  period.  I  am  disposed  to  think-  that 
this  is  due,  in  part  at  least,  to  the  gypsum  contained  in  the 
superphosphate,  but  probably  partly  also  to  the  reactions 
of  the  s(i/)cipho8phate  in  liberating  other  constituents  within 
the  soil. 
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On  the  complex  manure  plots  the  clover  crop  of  the  first 

course  was  considerably  higher  than  that  on  either  of  the  other 

plots,  and  the  later  crop,  that  of  1874,  was  about  1  ton  more 

than  the  earlier  one,  on  both  the  carted  and  the  fed  portions. 

Comparing  the  highest  crop  with  the  complex  manure  with 

the  lowest  without  manure,  there  is  a  difference  of  nearly  3 

tons  more  clover  hay  where  the  land  was  in  the  much  higher 

condition.     Since  the  commencement  of  the  experiments  there 

had   been  seven,  and  since  the  previous  clover  crop  in  1850 

there  had  been  six,  applications  of  the  complex  manure ;  and 

although  a  large  proportion  of  the  nitrogen  supplied  in  it  is 

accounted  for  in  the  increttse  of  produce  removed,  a  large 

amount  still  remained  unaccounted  for.     It  is  seen,  therefore, 

that  an  important  effect  of  the  red  clover  is  to  gather  up  the 

residue  of  manure  which  none  of  the  other  crops  in  the  rotation 

had  been  able  to  do.     It  is  considered  a  great  desideratum  to 

grow  red  clover  as  frequently  as  possible ;  but  it  is  obvious 

trhat  the  crops  must  be  small,  or  fail  altogether,  if  it  be  at- 

t^empted  to  grow  it  when  there  is  not  a  sufficient  accumulated 

residue  of  the  proper  manurial  constituents  available  within 

t;he  soil. 

In  the  lowest  division  of  the  Table  the  average  produce  of 

tihe  seven  wheat  crops  is  given.     You  will  observe  that  there 

is  exactly  the  same  difference  between  the  produce  of  the  two 

Tinmanured  portions  as  in  the  case  of  the  barley,  namely,  4 

l)ushels;  and  that  the  lowest  amount  is  again  where  the  roots 

"were  fed  on  the  land.     This  result  affords  further  confirmation 

of  the  supposition  that  there  was  a  difference  in  the  character 

of  the  soil  of  the  two  plots.    The  average  produce  of  the  two 

unmanured  plots  is  28  bushels  of  wheat,  and  it  was  33  bushels 

of  barley.     Thus,  we  have  the  remarkable  fact,  as  already 

alluded  to,  that  upon  land  entirely  unmanured  for  31  years 

the  ciops  of  barley  and  of  wheat  grown  in  the  rotation  have 

very  nearly  corresponded  with  the  average  yield  of  those  crops 

in  the  United  Kingdom. 

The  crops  of  wheat  on  the  superphosphate  and  on  the  com- 
plex manure  plots  do  not  differ  very  much.  They  are  higher 
where  the  superphosphate  roots  were  fed  than  where  they  were 
carted ;  and  they  are  rather  higher  still  on  both  the  complex 
manure  plots,  but  identical  on  the  two  plots  so  manured,  from 
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one  of  which  the  roots  were  carted,  whilst  on  the  other  they 
were  fed. 

I  think  you  will  agree  with  me  in  tliinking  that  the  result 
of  this  high  farming,  where  the  highly  manured  roots  were  fed 
upon  the  land,  is  somewhat  disappointing ;  and  that  to  farm 
still  higher,  as  prices  fall,  would  be  a  mistake. 

I  have  long  ago  satisfied  myself  that  the  four-course  rota- 
tion, and  the  feeding  of  roots  upon  the  land,  or  even  the  growth 
of  turnips  at  all,  is  quite  unsuitable  on  the  soil  and  with  the 
climate  of  Rothamsted.  We  have  learnt  much  respecting  the 
action  of  manures,  the  requirements  of  different  crops,  and  the 
influence  of  climate  upon  them,  during  the  many  years  of  the 
progress  of  our  field  experiments,  and  among  other  things,  that 
we  can  gather  up  much  more  of  the  manure  applied,  by  means 
of  a  mangold  than  of  a  turnip  crop. 

Ejcperhnents  with  Farmyard  Manure, 

I  will  now  bring  before  you  some  experiments  in  which 
farm-yard  manure  has  been  applied  many  years  in  succession 
to  different  crops.  When  you  are  urged  to  farm  higher,  the 
meaning  is  that  you  should  put  more  dung  upon  your  land. 
Consequently,  it  is  of  great  importance  to  ascertain,  with  as 
much  accuracy  as  possible,  the  effects  of  the  application  of 
large  quantities  of  dung. 

In  Table  III.  is  given  the  produce  of  wheat,  grain  and  straw, 
and  of  barley,  grain  and  straw,  by  the  application  of  14  tons 
of  farmyard  manure  per  acre  per  annum.  In  the  upper  divi- 
sion of  the  Table  the  results  obtained  with  wheat,  and  in  the 
lower  those  obtained  with  barley,  are  recorded.  The  experi- 
ments on  wheat  have  now  been  continued  for  35  years,  and 
the  average  produce  per  acre  per  annum  is  given  for  the  first 
8  years,  the  next  9  years,  the  next  9  years,  and  the  last  9 
years.  The  experiments  on  barley  have  been  continued  for 
27  years,  and  the  results  are  given  for  the  three  periods  of  9 
years  each,  corresponding  with  the  last  three  periods  in  the 
case  of  the  wheat. 
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TABLE  III. 

PRODUCE  OF  WHEAT  AND  OF  BARLEY,  BY  14  TONS  FARMYARD 

MANURE  PER  ACRE,  EVERY  YEAR. 


Average  per  acre  per 
annum. 


Dressed 
Corn. 


IFheaif  year  after  year  on  the  same  land — 
35  years,  1844-1878. 

-Jt  Period,  8  years,  1844-1851,  . 
^eoond  Period,  9  years,  1852-1860,  . 
4.**i«i  Period,  9  years,  1861-1869,  . 
*^o^rth  Period,  9  years,  1870-1878,  . 


F*i 


Barley,  year  after  year  on  the  same  land — 
27  years,  1852-1878. 


«^t  Period,  9  years,  1852-1860,  . 
:S?^nd  Period,  9  years,  1861-1869,  . 
*  *xird  Period,  9  years,  1870-1878,    . 


Bushels. 

28 
844 
374 
31 


44 
52 
49} 


Straw. 


Cwts. 

26i 
34} 
33 1 
29J 


26 

30i 

294 


-^ieferring  first  to  the  wheat,  you  will  observe  that  tlie 
•^lage  produce  of  the  first  8  years  is  the  lowest,  that  of  the 
:t  9  years  is  higher,  that  of  the  third  period  is  higher  still, 
that  of  the  last  9  years  again  considerably  lower ;  being 
-t  ^J'  about  3  bushels  more  than  over  the  first  period,  about  3 
^A^^hels  less  than  over  the  second,  and  6  bushels  less  than  over 
^^^  third  period. 

^t  is  quite  obvious  from  this  result,  that  the  produce  was 
^  ^^t  at  all  in  proportion  to  the  accumulation  of  manure  in  the 
^^^d.    When  the  soil  was  analysed  a  few  years  agu,  it  was 
^Und  that  the  first  9  inches  in  depth  was  nearly  twice  as 
^^fih  in  nitrogen  as  that  of  any  of  the  artifically  manured  plots, 
^^elding  as  much,  or  even  more,  produce.    There  can  be  no 
^Dubt  Uiat,  whilst  there  is  a  general  tendency  to  increase  in 
^:roduce  as  the  result  of  this  great  accumulation  of  manure  in 
^^e  soil,  the  fluctuations  are  greatly  dependent  on  the  char- 
acters of  the  seasons.     Thus,  the  third  period,  which  gives 
t^e  highest  produce,  included  some  very  productive  years, 
"Whilst  the  fourth  period  included  a  number  of  bad  seasons, 
tlie  adverse  wBueace  of  which,  the  constantly  me.\^^\vi% 
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accumulation  of  manure  within  the  soil  only  very  partially 
obviated.  It  will  be  observed,  too,  that  the  amount  of  straw, 
the  excess  of  which  is  a  sure  sign  of  excess  of  manure  and 
over  luxuriance,  upon  the  whole  increases  rather  less  than 
tliat  of  the  corn ;  there  being  less  straw  over  the  third  period, 
w  ith  tlie  highest  produce  of  corn,  tlian  over  the  second  with 
a  lower  produce  of  corn ;  whilst  the  fourth  period  gives  con- 
siderably less  than  either  the  second  or  the  third.  This  is  the 
more  remarkable,  since  the  annual  application  of  14  tons  of 
dung  will  have  annually  brought  upon  the  land  the  equiva- 
lent of  from  3  to  4  tons  of  straw.  The  fluctuations  in  the 
produce  of  straw,  as  well  as  in  that  of  the  com,  further  illus- 
trate the  influence  of  season  in  spite  of  the  accumulation  of 
manure. 

Turning  to  the  experiments  with  barley,  we  have,  upon  the 
whole,  very  accordant  results  over  the  three  periods,  compared 
with  the  same  three  periods  with  wheat.  Thus,  the  last  period 
but  one,  wliich  included  a  number  of  very  good  seasons,  gave 
more  produce  than  the  last  period,  notwithstanding  the  greater 
accumulation  of  manure  in  the  later  years.  There  is  in  the 
barley,  too,  as  with  the  wheat,  no  striking  increase  in  the  pro- 
duction of  straw ;  for  although  there  was  considerable  variation 
in  the  proportion  of  corn  to  straw  in  individual  years,  accord- 
ing to  season,  the  average  proportion  is  almost  identical  for 
each  of  the  three  periods. 

It  is  then  obvious,  that  there  is  no  increase  of  produce,  of 
either  w  heat  or  barley,  over  the  later  years,  at  all  commensurate 
with  the  increased  accumulation  of  manure  in  the  soiL 

You  will  doubtless  be  interested  to  know  something  of  the 
after  effects  of  these  great  accumulations  of  dung  in  the  soil, 
seeing  that  they  increase  the  crops  so  inadequately  during  tlie 
period  of  the  application  of  the  manure. 

Table  IV.  affords  some  information  on  this  point.  The  two 
upper  divisions  relate  to  barley,  and  the  lower  one  to  meadow 
hay.  After  14  tons  of  farmyard  manure  had  been  applied  for 
20  years  in  succession  on  one  plot  in  the  field  devoted  to  the 
continuous  growth  of  barley,  the  plot  was  divided.  On  one- 
half  the  annual  application  of  the  dung  has  been  contiQaed, 
now  for  a  period  of  7  years  more ;  whilst  the  other  half  has 
been  left  immanured,  also  now  iot  T  yeai^,    Ixi  tlv^  Qxperi- 
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ineuts  on  meadow  hay,  the  application  of  14  tons  of  farm- 
yard manure  per  acre  per  annum  was  continued  for  8  years ; 
and  the  land  lias  since  been  left  unmanured  for  15  years. 
The  Table  shows  the  produce  of  barley,  com  and  straw,  and 
of  hay,  during  the  periods  of  the  application  of  the  dung,  and 
after  the  cessation  of  the  application.  It  also  shows  the 
increase  over  the  continuously  unmanured  produce  over  the 
respective  periods. 

TABLE  IV. 

SHOWING  THE  EFFECTS  OF  THE  UNEXHAUSTED  RESIDUE  OF 

FARMYARD  MANURE. 


Average 
per  acre  per  annum. 


Barley  Grain, 

20    years,    1852-1871,    14    tons    fannyard ) 
manure  erery  year 

7  years,  1872-1878,  14  tons  farmyard 
manure  erery  year 

7  years,   1872-1878,  unmanured,  after  20  J 
years  farmyard  manure  .  .        .  { 

Barley  Straw. 

20  years,  1852-1871,  14  tons  fannyard 
manure  every  year 

7  years,  1872-1878,  14  tons  farmyard 
manure  every  year 

7  years,  1872-1878,  unmanured,  after  20 
yean  fannyard  manure  .... 

Meadow  Hay. 

14  tons  fannyard  manure  every  year,  8 
years,  1856-1863 

( 5  years,  1864-1868 
Afterwards  unmanured  <  5  years,  1869-1878 

( 5  yeare,  1874-1878 


Produce. 


Bushels. 

m 

49i 
86i 

Cwts. 
28i 

29i 

20i 


m 

29} 
23| 


Increase 

over 

continuously 

unmanured. 


Bushels. 
28i 

36 

22i 

Cwts. 
16i 

23 

13g 


191 

m 

loi 
el 


It  will  be  seen  that  there  is  an  average  of  only  li  bushel 
of  barley  grain  and  If  cwts.  of  straw,  per  acre  i^i  ^.tlwwxcl^ 
niore  over  the  last  7  years  than  over  the  fixat  10  ^^ax^.'^V^^^ 
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the  application  of  the  dung  was  continued.  Where  the  dung 
was  discontinued  after  20  years,  the  produce  of  com  was,  over 
the  next  7  years,  not  quite  three-fourths  as  much,  and  that  of 
the  straw  but  little  over  two-thirds  as  much,  as  where  it  was 
continued.  The  average  annual  deficiency  was  13^  bushels 
of  corn,  and  9^  cwts.  of  straw.  Compared  with  the  con- 
tinuously unmanured  produce  over  the  same  periods  (which, 
however,  declined  considerably  over  the  later  jesxs)  it  is  seen 
tliat  the  annually  applied  dung  gave  an  average  increase,  over 
the  first  20  years  of  28^^  bushels  of  com  and  16^  cwts.  of 
straw,  and  over  the  last  7  years  of  36  bushels  of  com  and 
23  cwts.  of  straw.  And  where  the  dung  was  discontinued 
over  the  last  7  years,  there  was  an  average  increase  of  nearly 
23  bushels  of  grain  and  13^  cwts.  of  straw  over  the  con- 
tinuously unmanured  produce.  In  the  last  year  of  the  seven, 
1878,  the  plot  where  the  application  of  dung  was  continued 
gave  36^^  bushels  of  corn  and  nearly  26^  cwts.  of  straw  more 
than  the  unmanured  plot ;  and  the  plot  where  the  dung  was 
discontinued  gave,  in  the  same  or  seventh  year  of  the  discon- 
tinuance, nearly  12  bushels  of  corn,  and  nearly  10^  cwts.  of 
straw,  more  than  the  unmanured.  It  is  obvious,  therefore, 
that  the  residue  of  the  20  years  application  of  dung  is  still 
yielding  increase.  It  is,  however,  gradually  declining.  But 
tliere  is  no  doubt  that  the  residue  will  continue  to  be  effective 
in  a  still  more  declining  ratio  for  many  years  to  come.  It 
would,  indeed,  take  considerably  more  than  a  century  at  the 
present  rate  to  recover  in  increase  of  produce  all  the  nitrogen 
of  the  manure  which  has  not  yet  been  so  recovered. 

Turning  now  to  the  results  obtained  with  meadow-hay,  as 
already  stated,  14  tons  of  farmyard  manure  were  applied  per 
acre  annually  for  8  years  in  succession,  and  the  produce  has 
since  been  taken  for  15  years  without  manure.  The  Table 
shows  the  average  annual  produce  and  increase  of  hay  over 
the  8  years  of  the  application,  and  over  the  first  5,  the  second 
5,  and  the  third  5  years  afterwards.  It  will  be  observed  that 
over  the  8  years  of  the  application  the  average  produce  of 
hay  was  nearly  2  tons  3  cwts. ;  and  the  average  increase  over 
the  continuously  unmanured  produce  was  not  quite  1  ton. 
Over  the  Gist  5  years  after  the  cessation  of  the  applicaticD^  tiie 
average  produce  was  about  2  cw\a.  \eB»  •,  W^i,  %x 
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1)oth  produce  and  increase  averaged  much  about  the  same  as 
over  the  8  years  of  the  application.  Over  the  second  5  years, 
the  produce  diminished  to  less  than  three-fourths  as  much  as 
over  the  first  5,  and  the  increase  was  little  over  10  cwts.  of 
hay  per  acre  per  annum.  During  the  last  5  of  the  15  years, 
the  produce  was  little  more  than  half  as  much  as  its  original 
amount,  and  the  increase  over  the  unmanured  produce  of  the 
same  period  was  not  quite  7  cwts. 

During  the  8  years  of  the  application  of  the  dung  there 

were  obtained,  in  all,  17  tons  3  cwts.  of  hay,  corresponding  to 

7  tons  13  cwts.  of  increase ;  over  the  next  15  years  there  were 

obtained  23  tons  7^  cwts.,  corresponding  to  9  tons  2^  cwts.  of 

increase,  due  to  the  residue  of  the  previously  applied  dung. 

Here,  as  in  the  case  of  the  barley,  it  would  require  very  many 

years  to  recover  anything  like  the  whole  of  the  yet  unrecovered 

i*esidue  of  the  previously  applied  nitrogen  of  the  farmyard 

manure. 

Looking  to  such  results  as  the  above,  relating  to  barley  and 
tio  meadow  hay,  it  is  not  difficult  to  understand  why  a  tenant 
"Vrho  has  been  farming  highly  for  a  number  of  years  should 
endeavour  to  get  out  some  of  the  residue  of  the  manure  which 
lie  has  accumulated  in  the  land  before  he  leaves  it     But  if  so 
^mall  a  proportion  of  the  constituents  of  the  manure  is  re- 
<;overed  in  the  increase  of  crop  during  the  years  of  the  appli- 
cation when  dung  is  very  liberally  used,  it  is  not  so  evident 
that  higher  farming,  which  means  more  dung,  should  be  a 
remedy  for  lower  prices.     Nor  can  I  understand  why  the  so- 
called  ''  lasting ''  effects  of  dung  should  be  considered  such  a 
merit    The  Bothamsted  experiments  with  various  crops  agree 
in  showing,  that  a  given  amount  of  constituents  supplied  in 
dung  does  less  work,  and  takes  a  longer  time  to  do  it,  than 
when  supplied  in  any  other  form. 

Experiments  vnth  Artificial  Manures. 

The  next  illustrations  will  show  the  comparative  effects  of 
moderate  and  of  large  amounts  of  artificial  manures.  In  the 
upper  division  of  Table  V.  we  have  the  average  produce  of 
wheat,  both  com  and  straw,  over  27  years — by  a  com^ley. 
nunaniJ  laanme  used  alone ;  by  the  same  mmeieX  m^xiwt^  ^xA 
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200  lbs.  ammonia  salts ;  by  the  same  and  400  lbs. ;  and  by 
the  same  and  600  lbs.  ammonia  salts.  In  the  lower  division 
of  the  Table  is  given  the  average  produce  of  barley  over  6 
years — with  supherphosphate  of  lime  alone ;  with  superphos- 
phate and  200  lbs. ;  and  with  superphosphate  and  400  lbs. 
ammonia  salts. 


TABLE  V. 

SHOWING  THE  EFFECTS  OF  MODERATE  AND  OF  LARGE 
AMOUNTS  OF  AMMONIA  SALTS. 


fVheat  every  year^  27  years,  1862-1878. 

Complex  mineral  manure,  alone,  .         .         .         . 

Complex  mineral  manure,  and  200  lbs.  ammonia-salts, 
Complex  mineral  manure,  and  400  lbs.  ammonia-salts, 
Complex  mineral  manure,  and  600  lbs.  ammonia-salts, 

Barley  every  year,  6  years,  1852-1857. 

Superphosphate,  alone, 

Superphosphate,  and  200  lbs.  ammonia-salts. 
Superphosphate,  and  400  lbs.  ammonia-salts, 


Average  per  acre 
per  annum. 


Dressed 
Com. 


Bushels. 
16i 

244 
83i 
861 


81| 
451 
49} 


Straw. 


Cwts. 
18i 
22f 
88j 
401 


16 
28 
84 


I 


Referring  first  to  the  wheat,  it  will  be  observed  that  by  the 
addition  of  200  lbs.  of  ammonia-salts  per  acre  per  annum  to 
the  mineral  manure,  an  average  increase  of  nearly  9  bushels  of 
grain  is  obtained.  By  the  addition  of  a  second  200  lbs.,  in  all 
400  lbs.  of  ammonia-salts,  there  is  a  further  increase  of  the 
same  amount,  that  is,  nearly  9  bushels.  By  the  addition  of 
a  third  200  lbs.,  in  all  600  lbs.  of  ammonia-salts,  there  is  a 
further  increase  of  only  3^,  instead  of  9  bushels.  In  like 
manner  the  first  200  lbs.  of  ammonia-salts  give  9^,  the  second 
11,  and  the  third  only  about  6^  cwts.  increase  of  straw.  Now, 
assuming  that  the  application  of  400  lbs.  of  ammonia-salts  ?ras 
the  limit  of  high  farming  with  profit  with  wheat  at  6&  per 
bushel,  I  cannot  see  how  it  could  \)e  m«iu\aMv^  >3r»Xi  ^toatib^et 
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200  lbs.,  yielding  little  more  than  a  third  as  much  increase  as 

"when  used  in  more  moderate  quantity,  should  be  employed 

T)ecause  the  price  of  wheat  was  reduced  to  5s.  per  bushel.     On 

the  contrary,  the  conclusion  I  should  draw  from  the  results 

of  these  experiments  is,  that  the  application  of  the  600  lbs.  of 

ammonia-salts  could  only  be  profitable  if  the  price  of  wheat 

were  to  rise  instead  of  to  fall. 

Again,  it  will  be  seen  that  in  the  case  of  the  barley,  the 
addition  to  superphosphate  of  lime,  of  200  lbs.  of  ammonia- 
salts  gave  an  average  increase  of  nearly  14  bushels,  whilst 
by  the  addition  of  a  second  200  lbs.,  in  all  400  lbs.  of  ammonia- 
salts,  a  further  increase  of  little  more  than  4   bushels  was 
obtained.     It  will  be  observed,  however,  that  whilst  with  the 
increase  of  14  bushels  of  grain  there  was  an  increase  of  only 
12  cwts.  of  straw,  there  was  with  the  further  increase  of  4 
bushels  of  grain  an  increase  of  5 J  cwts.  of  straw,  or  a  much 
larger  proportion  of  straw  to  corn  in  the  increase  by  the  second 
titan  in  that  by  the  first  200  lbs.  of  ammonia-salts.     It  was, 
ixi  fact,  so  evident  from  the  bulk,  and  the  laying  of  the  crop, 
^liat  400  lbs.  of  ammonia-salts  was  an  excessive  application, 
tihat,  after  its  use  for  6  years,  the  experiment  was  abandoned. 
Xlere,  again,  I  think  it  must  be  evident  that  it  would  be  higher, 
^ind  not  lower  prices,  that  would  justify  the  higher  standard 
of  fanning. 

From  the  various  results  which  I  have  laid  before  you,  you 
"will  have  gathered  that  when  farmyard  manure  is  used,  and 
€ven,  though  in  a  less  degree,  when  manure  is  deposited  on 
the  land  by  animals  feeding  upon  it,  there  is  less  immediate 
increase  for  a  given  amount  of  constituents  supplied,  and  more 
accumulation  within  the  soil,  than  when  certain  artificial 
manures  are  employed.  You  must  not  suppose  that,  in 
bringing  this  fact  prominently  to  your  notice,  I  wish  in  any 
degree  to  depreciate  the  importance  of,  so  to  speak,  natural 
manures,  and  to  exalt  that  of  artificial  manures.  The  pro- 
duction, and  the  use,  of  farmyard  manure,  are  a  necessity  of 
the  general  economy  of  a  farm ;  and  there  must  be  the  more 
of  it  produced,  or  at  any  rate  the  more  of  animal  manures,  the 
greater  the  amount  of  meat  produced.  ISlot  ^o\M  \\*  \^ 
poBsible  to  leljr  mainly  on  artificial  manuiea,    1  ^o  ^SiMLxiK.^ 
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however,  that  fanners  generally  do  not  sufficiently  recognise 
the  slowness  of  the  action  of  the  natural  manures  of  the  farm ; 
and  that,  so  far  as  they  do  so,  they  frequently  even  look  upon 
it  as  a  merit  rather  than  otherwise,  that  it  should  be  as  they 
say,  more  "  lasting."  But  slowness  of  action  means  slowness  of 
return  for  the  outlay;  and  this  will  be  the  greater  the  more 
excessive  the  amount  of  the  manure  applied.  In  my  opinion, 
tlie  object  to  be  attained,  and  that  which  I  have  no  doubt  will 
characterise  the  most  successful  farming  of  the  future,  is  to 
get  as  quick  a  return  as  possible  for  the  outlay  in  manures, 
whether  natural  or  artificial.  This  can  only  be  fully  accom- 
plished— with  freedom  in  the  growth  and  sale  of  that  produce 
which  is  the  most  profitable,  the  selection  of  the  crops  which 
are  the  most  suitable  to  the  soils  and  seasons  of  the  locality 
and  the  demands  of  the  market,  and  such  a  judicious  adapta- 
tion of  natural  and  artificial  manures  to  the  crops  to  be  grown, 
as  to  obtain  the  maximum  increase  of  produce,  with  the  mini- 
mum residue  left  unproductive  in  the  soil,  and  subject  to  loss 
by  dminage,  and  in  other  ways. 

To  sum  up  in  regard  to  this  first  branch  of  my  subject : — It 
has  been  shown  by  reference  to  the  results  of  experiments  on 
an  ordinary  four-course  rotation  with  different  manures,  in 
some  cases  carting  off  the  roots,  and  in  others  consuming  them 
on  the  land,  that,  beyond  a  certain  limit,  the  increase  of  pro- 
duce was  not  conmiensurate  with  the  increase  in  the  amount 
of  manure  accumulated  within  the  soU.  The  next  illustrations 
showed  that,  when  farmyard  manure  was  used  in  excessive 
amount,  for  the  direct  growth  of  either  wheat  or  barley,  the 
increase  of  produce  by  no  means  corresponded  with  the 
accumulation  of  manurial  constituents  within  the  soil ;  that, 
notwithstanding  an  increasing  accumulation  from  year  to  year, 
the  crops  even  diminished  in  the  later  years  under  the 
influence  of  bad  seasons,  the  increased  amount  of  manure  in 
the  soil  not  fully  compensating  for  the  adverse  influences  of 
the  seasons ;  and  lastly,  that  the  unexhausted  residue  of  the 
previously  applied  dung,  though  yielding  a  considerable 
increase  for  many  years  afterwards,  did  so  in  a  rapidly  de- 
creasing ratio,  and  only  in  such  proportion  that  it  would  take 
very  many  years  to  recover  the  manure  applied;  even  if,  whick^ 
cannot  be  supposed,  it  were  evex  IxiVVy  tww^Kidu   \^  \iVj^ 
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manner  it  has  been  shown,  that  when  artificial  nitrogenous 
manures  were  used  in  gradually  increasing  amounts,  the 
amount  of  increase  obtained  for  a  given  amount  of  manure 
employed,  very  greatly  diminished  when  the  quantity 
applied  exceeded  a  certain  limit,  which  may  be  called  the 
standard  of  high  farming ;  so  that,  a  given  quantity  of  further 
increase  was  obtained  only  at  a  greatly  increased  proportional 
cost  for  manure. 

The  general   and  uniform  result    of  the  whole  is,  that, 

whether  we  go  from  high  to  still  higher  farming  with   an 

ordinary  rotation'  of  crops,  with  large  amounts  of  farmyard 

manure  applied  year  after  year  for  the  growth  of  corn,  or  with 

artificial  manures  in  gradually  increasing  amounts,  less  increase 

of  produce  is  obtained  for  a  given  amount  of  manure  applied, 

the  greater  the  excess  of  it  over  what  may  be  termed  the 

standard  of  moderate  high  farming.      I  leave  you  to  judge 

'^Jvhether,  under  such  circumstances,  the  advance  from  high  to 

still  higher  fanning  is  likely  to  compensate  you  for  lower 

rices  of  your  produce. 


I%e  Manure  produced  by  the  Animals  of  the  Farm. 

I  now  come  to  the  second  branch  of  my  subject,  namely, 
"t:  he  cost  of  the  manure  produced  upon  the  farm.     It  may  per- 
1  ia{j6  be  assumed  that,  in  the  case  of  the  horses  working  upon 
t:*he  farm,  their  labour  may  be  taken  as  an  equivalent  for  the 
c?08t  of  their  food,  the  expenses  of  attendance,  &a,  and  that 
the  manure  they  produce  is,  so  far,  obtained  free  of  cost.     In 
%he  case  of  the  feeding  of  animals  for  the  production  of  meat, 
^tore  stock  may  be  cheap  and  fat  stock  dear,  or  vice  verm, 
^^tUe  food  may  be  cheap  and  meat  dear,  and  so  on.     In  con- 
sidering  therefore  whether,  as  a  rule,  the  value  of  the  meat 
produced  is  more  or  less  than  the  cost  of  the  food  of  the 
animal,  together  with  the  other  expenses,  it  will  be  necessary 
to  exclude  from  the  calculation  all  such  exceptional  cases  as 
above  referred  to ;  to  take  as  the  basis  of  any  conclusions  (so 
far  as  we  can  estimate  it)  only  the  average  amount  of  food 
required  to  produce  a  given  weight  of  increase ;  and  to  com- 
pare the  cost  of  such  food,  and  other  expenses,  with  the  value 
of  the  increase.    Looking  at  the  subject  irom  VH.'^  ^\ti\>  q\ 
view,  I  think  it  will  be  found  that  the  o\i\\ay  \%  %^\!kKwi!^^ 
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much  in  excess  of  the  receipts ;  aDd  that  there  is,  therefore,  a 
balance  left  over  which  must  be  reckoned  as  the  cost  of  the 
manure. 

Confining  my  attention  to  cattle,  I  shall  first  endeavour  to 
show,  by  reference  to  published  records  relating  to  animals  of 
certainly  above  average  quality,  and  undoubtedly  liberally 
fed,  what  is  the  probable  rate  of  increase  that  may  be  ex- 
pected in  such  cases ;  and  secondly,  what  is  the  average 
amount  of  food  required  to  produce  a  given  amount  of  in- 
crease. 

In  Talkie  VI.  are  given,  the  ages,  weights,  and  increase — 
first,  of  a  number  of  prize  cattle  exhibited  at  Smithfield,  in 
December  1878,  as  recorded  in  the  Agricultural  Gazette  of 
January  13,  1879  ;  secondly,  of  a  number  of  prize  cattle 
exhibited  at  the  Chicago  Society's  Show  (United  States),  and 
reported  in  tlie  Country  Gentleman's  Newspaper  \  thirdly,  of 
some  French  cattle  of  the  Nivernais-Charolais  breed,  the  par- 
ticulars of  which  will  be  found  in  the  Journal  of  live  Royal 
Agricultural  Society  of  Engldnd,  vol.  xv.  p.  213 ;  lastly,  at  the 
foot  of  the  Table  is  given,  for  comparison,  the  estimate  of  the 
average  rate  of  increase  during  the  fattening  period,  as  adopted 
at  Rothamsted  many  years  ago. 


TABLE  VI. 

Ages,  Weights,  and  Increase  of  Cattle. 


1 

Description. 

Average 
Age. 

Average 
FinJ 
Weight 

per  head. 

Increase 

per 

Day. 

Increase 

per 
1000  lbs. 
Live- 
weight 

per 
Week. 

1 

No. 

of 

Class. 

No. 

in 

Class. 

Prize  Cattle  at  Smith- 
field,  1878. 

Devons,  . 

/ 

1 
2 
3 

4 

9 
7 
5 
8 

Week 
116 
167 
215 
165 

lbs. 

1801 

1568 

1785 

1456 

Ihs. 

1-60 

1*84 

1-19 

1-26 

lbs. 
14*8 
10-5 
8*8 
10-6 

A^ 

^rage, 

^     1661 

I527i 

1*86 

\ 

11-1 
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1 

I 

\ 


Description. 

Increase 

Average 
Age. 

Average 

Final 

Weight 

per  head. 

Increase 

per 

Day. 

1000  lbs. 
Live- 
weight 

per 
Week. 

No. 
of 

No. 
in 

Class. 

Class. 

Weeks. 

lbs. 

lbs. 

lbs. 

j                              / 

6 

10 

118i 

1615 

1-95 

14-9 

' 

7 

5 

165i 

1964 

1-70 

10-9 

Heitffonis, 

8 

2 

221  i 

2085 

134 

8*2 

9 

2 

1784 

1731 

1-39 

10-0 

V 

Average, 

171 

1848} 

1-60 

11-0 

1                                               f 

11     1      6 

120 

1698 

2-02 

14-8 

\ 

12 

10 

160 

1960 

1-75 

11-8 

\  Sh<irt  Hom«,   . 

18 

14 

5 
10 

163 
172 

2352 
1876 

206 
1-56 

11-3 
10-5 

k 

Average, 

153} 

197li 

1-85 

12  0 

' 

16 

7 

116 

1588 

1-96 

15-2 

17 

8 

151 

1818 

1-72 

11-9 

^^ascx,    . 

18 

4 

203 

2390 

1*68 

9-1 

19 

7 

160 

1736 

1-55 

111 

>. 

Average, 

1571 

1883 

1-73 

11-8 

General  average, 

162 

1808 

1-63 

11-5 

Prize  Cattle,  Chicago  Society, 

United  States. 

^-    Steers,  4  years  and  over,  1st  Prize, 

268-6 

2085 

1-10 

7-1 

^         „           ,.            „        2d  Prize, 

271-7 

2440 

1-28 

7-0 

^-        ,,      8yrs.  andnuder,  Ist  Prize, 

182-9 

2115 

1-65 

10-4 

t^-        „          „            „        2d  Prize, 

174-8 

2060 

1-68 

10-9 

^-        , ,     2  ys.  and  under  8, 1st  Prize, 

138*4 

1705 

1-76 

13-5 

^.        „          „            „        2d  Prize, 

139-7 

1600 

1-63 

13-4 

7 .       , ,      1  yr.  and  under  2, 1  st  Prize, 

92-9 

1480 

2-28 

20-0 

B.       ,,          „            ,,        2d  Prize, 

95-7 

1275 

1-90 

19-1 

1                                                 Average, 

170-5 

1845 

1-66 

12-7 

• 

i    NivemaiS'Charolais  CaUU— French, 

iNo.  1, 

134-8 

1478 

1-57 

13-6 

Na2 

156*4 

1987 

1-81 

11-9 

'No.  8 

160-8 

1893 

1-68 

11-6 

No.  4, 

174*0 

2079 

1-71 

10-8 

Average, 

156-5 

1859 

1-69 

120 

General  STerage  of  all,     . 

168-7 

1826 

1-65 

11-9 

Rothamsted  adoj 

)ted  are 

rage,. 

1 

\\W\ 
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Before  discussing  the  figures  given  in  the  Table,  it  will  h 
well  to  give  some  explanation  of  how  they  are  obtained.  Thi 
ages,  and  the  final  weight  per  head,  are  the  actual  data  recorded 
The  increase  per  day  is  obtained  by  dividing  the  final  weigh 
by  the  number  of  days  of  age.  This  is  the  mode  of  represen 
tation  adopted  in  the  United  States ;  and  the  figures  given  ii 
this  column  for  the  Chicago  cattle  are  those  actually  recorded 
whilst  those  for  the  Smithfield  and  French  cattle  are  calcu 
lated  as  above  described.  It  is  obvious  that  such  a  mode  o 
reckoning,  however  valuable  it  may  be  in  comparing  the  rate 
of  increase  of  animals  of  the  same  description,  oxen,  for  example 
but  of  different  breeds,  or  of  different  ages,  it  is  quite  inappli 
cable  in  comparing  the  rates  of  increase  of  animals  of  differen 
descriptions,  and  of  different  sizes;  of  oxen,  sheep,  and  pigs,  witl 
one  another,  for  example.  Many  years  ago,  when  considerin; 
this  subject,  we  felt  the  necessity  of  adopting  some  mode  o 
representation  which  enabled  us  to  compare  the  amounts  o 
food  consumed,  and  the  amounts  of  increase  produced,  not  onb 
among  animals  of  the  same,  but  of  different  descriptions,  am 
of  all  sizes.     Accordingly,  the  standards  we  adopted  were: — 

The  amount  of  food  consumed  per  100  lbs.  live-weight  pe 
week. 

The  amoimt  of  food  required  to  produce  100  lbs.  increase  ij 
live-weight. 

The  increase  per  100  lbs.  live-weight  per  week. 

But  as,  on  the  present  occasion,  I  am  dealing  with  cattl 
only,  I  give,  as  you  will  see  in  the  last  column  of  the  Tabic 
the  increase  per  1000  lbs.  live-weight  per  week.  At  the  fbo 
of  this  last  column  is  given  the  averse  increase  per  1000  lbs 
live-weight  per  week  of  all  the  cases  recorded  in  the  Tabic 
including  the  different  breeds  of  the  different  countries 
**  babies  "  of  two  years  old  and  under,  and  mature  animals  o 
four  years  old  and  over.  This  general  average  of  such  ver 
varied  individual  cases  shows  11*9,  or  nearly  12  lbs,  increaa 
per  1000  lbs.  live-weight  per  week,  whilst  the  Bothamstec 
estimate,  adopted  many  years  ago,  is  10  to  11  lbs.  per  1000  Ibc 
live-weight  per  week,  as  the  average  rate  of  increase  of  oxei 
during  the  last  few  months  of  feeding  on  good  fottening  food 
To  go  a  little  more  into  detail,  compared  with  this  Bothanistei 
estimate  of  10  to  11  lbs.,  the  average  ol  \3ckte  dSSwraitlote  of  thi 
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Smithfield  prize  cattle  gives  11*5  lbs.,  that  of  all  the  Chicago 
cattle  12*7  lbs.,  and  that  of  the  four  French  cattle  12  lbs. 

In  making  these  comparisons  it  must  be  borne  in  mind, 
I^owever,  that  whilst  in  the  case  of  the  Smithfield,  Chicago, 
^.nd  French  cattle,  the  increase  is,  for  want  of  other  data,  cal- 
<3ulated  upon  the  average  live-weight  from  birth  to  final 
^veeight,  in  that  of  the  Bothamsted  estimates  it  is  taken  upon 
^he  average  weight  of  the  final  fattening  period  only ;  and  as 
^he  rate  of  gross  increase  upon  a  given  live-weight  within  a 
^ven  time  is  considerably  higher  in  the  earlier  than  in  the  later 
'j)eiiod8  of  the  life  of  the  fattening  animal,  the  figures  are,  so 
:f  ar,  not  strictly  comparable. 

On  the  other  hand,  a  mature  animal  contains  a  larger  pro- 
"portion  of  saleable  carcass,  and  a  less  proportion  of  internal 
organs,  and  offal  generally,  than  a  young  or  store  one.     The 
mature  animal  also  contains  a  much  higher  percentage  of  dry 
or  solid  substance,  and,  accordingly,  a  lower  percentage  of 
water.    Tliese  differences  are  clearly  illustrated  in  the  follow- 
ing Table,  which  gives  the  proportion  of  carcass  in  100  fasted 
live-weight,  and  also  the  percentages  of  dry  or  solid  substance, 
and  of  water,  in  10  animals  of  different  descriptions,  and  in 
different  conditions  as  to  age  and  fatness,  which  were  analysed 
^  Bothamsted,  now  nearly  thirty  years  ago. 

TABLE  VII. 

COMPOSITION  OF  VARIOUS  ANIMALS. 


Description  and  Condition  of 
Animal. 


Fat  Calf,    . 
Half-Fat  Oz,      . 
FatOz,      . 

Fat  Lamb, 
Store  Sheep, 
Half-Fat  Old  Sheep, 
Fat  Sheep, 
Very  Fat  Sheep^ 

Stem  PSg^ . 
FatP^    . 


In  Fasted  Live-weight. 

Carcass. 

Total  Dry 
Substance. 

Water. 

Per  cent 

Per  cent. 

Per  cent. 

620 

38*9 

630 

647 

40-8 

51-6 

66-2 

48*6 

45-5 

60-2 

48-7 

477 

53*3 

36-7 

67-3 

53-6 

40*6 

60-3 

57-5 

607 

43-3 

631 

59-6 

35-2 

66*4 

1      897 

\      WA 

760 

\     547 
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Thus,  you  will  see  that  even  a  fat  calf  contained  a  much 
liigher  percentage  of  water,'  and  lower  percentage  of  solid 
matter,  than  a  half -fat  ox  ;  whilst  the  fat  ox  contained  much 
more  dry  or  solid  matter  than  the  half-fat  one.  Then,  again, 
among  the  sheep  there  is  a  gradually  increasing  percentage  of 
dry  or  solid  matter,  and  decreasing  percentage  of  water,  from 
the  store  to  the  half-fat,  from  the  htdf-fat  to  the  fat,  and  from 
the  fat  to  the  very  fat  condition.  A  similiar  result  is  observed 
as  between  the  store  and  the  fat  pig.  From  these  facts  you  will 
see  that,  although  the  gross  increase  is  less  in  proportion  to 
the  live-weight  as  the  animal  matures,  a  larger  proportion  of 
such  gross  increase  consists  of  carcass,  and  of  real  solid  matter, 
and  a  less  proportion  of  offal,  and  of  water.  In  fact,  the 
fattening  process  may  be  said  to  consist  in  great  measure  in 
the  displacement  of  water  by  fat. 

Accepting  the  figures  given  in  Table  VI.  as  giving  a  fair  idea 
of  the  rate  of  increase  of  well-bred  and  well-fed  animals,  the 
question  arises — at  what  cost  of  food  has  that  increase  been 
obtained  ?  We  have  no  records  on  this  point  in  regard  to 
any  of  the  animals  referred  to  in  the  Table.  We  must,  there- 
fore, rely  upon  otlier  data  in  arriving  at  a  decision  on  this  pai't 
of  the  subject.  Our  own  estimate,  founded  on  all  the  data  at 
our  command,  partly  relating  to  the  recorded  experience  of 
others,  and  partly  to  the  results  of  direct  experiments  of  our 
own,  led  us  many  years  ago  to  conclude  as  follows : — 

**  Fattening  oxen,  liberally  fed  upon  good  food,  composed  of 
a  moderate  proportion  of  cake  or  com,  some  hay  or  straw 
chaff,  with  roots  or  other  succulent  food,  and  well  managed, 
will,  on  the  average,  consume  12  to  13  lbs.  of  the  dry  sub- 
stance of  such  mixed  food,  per  100  lbs.  live- weight,  per  week ; 
and  they  should  give  1  lb.  of  increase  for  12  to  13  lbs.  dry 
substance  so  consumed." 

In  other  words,  there  will  be  consumed  from  120  to  130  lbs. 
of  the  dry  substance  of  such  nuxed  food  per  1000  lbs.  live- 
weight  per  week,  producing  on  the  average  10  lbs.  of  increase ; 
and  1200  to  1300  lbs.  will,  therefore,  be  required  to  yield  100 
lbs.  increase  in  live-weight  If  the  mixed  food  contain  no 
straw-chaff,  and  only  a  moderate  amount  of  hay-chaf^  tha 
avemge  amount  of  dry  substance  consumed  will  be  the  less, 
ami  the  average  proportion  of  iucteaa^  \]fckfe  moft^^ot  woe  verm^ 
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ccordingly,  we  have  assumed  that  on  a  liberal  mixture  of 

CDJlcake,  clover-chaff,  and  swedes,  as  little  as  1100  lbs.  dry 

eubstance  may  be  required  to  produce  100  lbs.  increase,  and 

SIS  much  as  11  lbs.  increase  may  be  produced  per  1000  lbs. 

live- weight  per  week. 

The  articles  which  you  are  accustomed  to  speak  of  as  dry 
foods,  still  contain  some  water.      Thus,  cakes  contain  from 
one-eighth  to  one-ninth,  and  com,  hay,  and  straw,  about  one- 
sixth  of  their  weight  of  water ;  whilst  swedes  do  not  contain 
more  than  10  to  12,  or  mangolds  more  than  12  to  13  per 
cent,  of  really  dry  or  solid  matter ;  but  the  monster  roots  of 
which  we  hear  so  much,  sometimes  contain  only  about  two- 
thirds  as  much  dry  matter  as  moderately  sized  and  well- 
matured  roots  shoiQd  do.     Of  really  dry  substance,  such  as 
my  estimates  given  above  require,  1200  to  1300  lbs.,  say  1250 
ibs.,  would,  in  round  numbers,  be  supplied  in  the  following 
amounts  of  each  of  the  several  descriptions  of  food  enumer- 
a.ted,  supposing  them  to  be  of  fair  average  composition  in  that 
x^espect 

TABLE  VIII. 

AMOUNT  OF  EACH  FOOD  CONTAINING  1250  LBS.  DRY  MATTER. 

Cakes, 124  cwts. 

Com  or  Hay, 13      ,, 

Swedish  Turnips, 5    tons. 

Mangolds, ^i    a 

The  question  arises — What  would  be  the  cost  of  1250  lbs. 
of  dry  substance,  made  up  of  a  suitable  mixture  of  these 
various  foods,  to  yield  100  lbs.  increase  in  live  weight,  and 
whether  this  would  be  less  or  more  than  the  100  lbs.  increase 
would  sell  for  ? 

Well-bred  and  moderately  fattened  oxen  should  yield  58  to 
60  per  cent,  carcass  in  fasted  live- weight ;  very  fat  oxen  may 
yield  from  65  to  70  per  cent  But  of  the  increase  obtained 
daring  what  may  be  called  the  fattening  period  of  moderately 
fattened  oxen,  it  may  be  reckoned  that  about  70  per  cent,  will 
be  carcass.  Supposing  you  get  8d.  per  lb.  for  this,  the  selling 
value  of  your  100  lbs.  increase  in  live-weight  will  be  46s.  Sd. 
Now,  I  tiwak  if  you  try  to  make  up  1250  Ybs.  ol  Ax^  «v3\i^\«wi,^ 
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o^ 


by  a  suitable  fattening  mixture  of  the  foregoing  foods,  you 
will  find  tliat  it  will  cost  you  considerably  more  than  46s.  8d. 
Even  if  roots  alone  were  used,  which  would  not  be  considered 
good  fattening  food,  the  cost  would  be  more  if  they  were  reck- 
oned at  their  selling  price,  though  less  if  taken  at  what  is 
called  their  "  consuming  value."  But  with  no  good  fattening 
mixture  of  cake  or  corn,  hay-chafif,  and  roots,  could  1250 
lbs.  of  dry  matter  be  obtained  for  anything  approaching 
the  sum  I  have  estimated  as  the  value  of  the  increase  it  wall 
produce. 

It  is  further  to  be  borne  in  mind  that,  weight  for  weight, 
store  stock  is  generally  dearer  than  fat  stock.  You  have  also 
to  add  to  the  cost  of  the  food  various  other  charges,  such  as 
rent  of  buildings,  appliances,  attendance,  and  risk.  Taking  all 
these  things  into  account,  I  think  it  is  evident  that  there  must 
always  be  a  very  considerable  proportion  of  the  cost  of  feeding, 
although  varying  greatly  according  to  circumstances,  which 
must  be  taken  to  represent  the  cost  of  the  manure. 

In  1876,  the  Council  of  the  IJoyal  Agricultural  Society  of 
England  appointed  a  committee  to  consider  the  question  of  the 
valuation  of  unexhausted  manures,  with  reference  to  the  pro- 
visions of  the  Agricultural  Holdings  Act ;  and  a  Table  of  the 
estimated  value  of  the  manure  obtained  by  the  consumption 
of  different  articles  of  food,  which  I  had  firat  published  about 
16  years  previously,  and  after  reconsideration  republished  more 
recently,  was  much  discussed  and  criticised.  The  general  im- 
pression arrived  at  was,  I  think,  that  my  estimates  of  manure- 
value  were  too  high.  Accordingly,  Dr  Gilbert  and  I  selected 
linseed  cake  as  the  best  known  article  of  purchased  cattle- 
food,  and,  after  deducting  my  estimate  of  the  manure-value 
from  the  cost  of  the  cake,  we  endeavoured  to  calculate  whether 
the  remainder  of  the  cost  could  be  recovered  in  the  increased 
value  of  the  animal.  The  best  linseed  cake  was  then  quoted 
at  £12,  10s.  per  ton,  and  deducting  the  manure- value  as  given 
in  my  Table,  namely,  £4,  12s.  6d.,  there  was  left  £7, 17a  6d. 
to  be  charged  against  the  animal,  and  calculation  led  us  to  the 
conclusion  that  it  was  extremely  doubtful  whether  this  amount 
could  be  recovered  in  its  increased  value.  In  fact,  linseed 
cake  appeared  to  us  to  command  what  may  be  called  a  fancy 
pj'jce.    At  any  rate,  it  was  quite  cettam  \iW.  \\i  c»^d  not  be 


IS  HIGHER  FARMING  A  REMEDY  FOR  LOWER  PRICES  ?         33 

profitably  used,  if  not  fully  as  much,  or  even  more,  than  the 
amount  of  my  estimate  were  charged  against  the  manure. 

Although  in  the  foregoing  illustrations  I  have  confined 
my  attention  to  oxen,  if  the  same  mode  of  calculation  were 
applied  to  sheep  and  to  pigs,  it  would  be  found  in  their  case 
also  that  the  cost  of  their  food  is  more  than  the  value  of  the 
increase  it  produces.  Notwithstanding  that  the  contrary  view 
is  so  frequently  assumed,  the  use  of  the  term  "consuming 
value,"  as  distinguished  from  selling  price,  seems  to  recognise 
that  food  stuffs  have  a  value  other  than  as  food  alone.  If 
restrictions  upon  the  sale  of  roots,  hay,  and  straw,  were 
abolished,  these  articles  would  soon  cease  to  have  what  may 
be  called  a  fancy  price;  and  the  difference  between  the  so-called 
"  consuming  value,"  and  the  real  selling  price,  would  more 
nearly  represent  the  value  of  the  manure. 


In  the  former  part  of  my  address,  I  have  shown  that,  beyond 

a  certain  limit,  the  increase  of  crop  does  not  keep  pace  with 

the  increase  in  the  amount  of  manure  applied  to  the  land,  and 

that  this  is  especially  the  case  in  advancing  from  high  to  still 

higher  farming.     I  have  now  adduced  evidence  which  must, 

I  think,  convince  you  that  the  manures  of  the  farm  cost  money. 

It  seems  to  me  that  an  obvious  deduction  from  these  two  facts 

is,  that  to  apply  manure  in  such  quantity  as  to  obtain  a 

diminished  produce  for  a  given  amount  of  it  can  only  be 

profitable  when  the  price  of  the  produce  rises,  and  not  when 

it  falls.     So  far,  however,  as  increased  production  is  to  be 

attained  by  the  exercise  of  freedom,  intelligence,  and  economy, 

in  management,  so  as  to  get  the  maximum  amount  and  value 

of  produce  from  the  manure  that  is  applied  to  the  land,  and 

the  maximum  amount  and  value  of  meat  and  manure  for  the 

outlay  in  store-stock  and  in  food,  increased  production  is  a 

necessity  of  the  times,  and  would  prove  the  best  remedy  for 

lower  prices  of  farm  produce. 

I  T^ret  to  find  that  the  opinions  I  hold,  and  have  ventured 
to  express  to  you,  are  not  in  accordance  with  those  of  many 
who  write  upon  the  condition  of  the  farming  interest  at  the 
present  time.  Nor  do  they  quite  accord  with  the  advice  given 
to  you  in  this  room,  by  Lord  Polwarth,  only  in  February  last. 
In   a   letter  which  his  lordship  subsequently  published,  in 

c 
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further  explanation  of  his  views,  he  said  that,  for  increaseil 
production,  "  greater  liberty  in  cultivation  is  desirable ; "  and 
again,  that,  "  there  must  be  increased  capital,  scope  for  enter- 
prise, and  security  of  tenure."  In  this  I  entirely  agree,  ex- 
cepting that  I  would  venture  to  say  that  such  changes  are  not 
only  "  desirable  "  but  essential. 

To  attempt  to  meet  falling  prices  by  increased  production 
upon  the  old  lines,  that  is,  by  simply  increasing  the  amount  of 
manure  brought  upon  the  land,  and  at  the  same  time  maintain- 
ing the  old  rules  and  restrictions  as  to  cropping  and  sales, 
would,  in  my  opinion,  be  entirely  futile.  If  all  restrictions 
were  abolished,  excepting  such  as  would  secure  that  the  tenant 
should  give  up  his  farm  in  as  good  a  state  as  he  entered  upon 
it,  the  position  of  things  would  be  entirely  changed,  and  some 
of  my  remarks  would  then  require  modification  accordingly. 

Eecent  discussions  clearly  show  that  landowners  fully 
recognise  the  gravity  of  the  present  state  of  affairs,  and  that 
they  are  desirous  of  assisting  the  tenant  by  the  relaxation  of 
existing  covenants,  and  in  other  ways.  In  addressing  tenant- 
farmers,  I  would  venture  to  ask — whether,  on  their  side,  this 
is  not  a  favourable  opportunity  for  taking  stock  of  the  modes 
in  which  they  conduct  their  business,  with  the  view  of  bring- 
ing their  operations  more  into  accord  with  the  rules  which 
regulate  other  commercial  undertakings  ? 

In  illustration  of  my  meaning,  I  will  call  attention  to  the 
way  in  which  the  business  connected  with  the  stock  of  the 
farm  is  generally  conducted.  Farmers  are  justly  proud  of  their 
tine  animals,  and  consider  them  to  be  the  back-bone  of  British 
agriculture.  But  is  it  not  a  fact  that  every  transaction  in  this 
immense  branch  of  industry  is  carried  on  almost  exclusively 
by  guess-work  ?  Neither  in  purchasing  store-stock,  nor  in 
selling  fat  stock,  are  the  scales  brought  into  requisition.  Again, 
in  the  feeding  operations,  neither  the  amount  of  increase 
produced,  the  amount  and  the  cost  of  the  food  required  to 
produce  it,  nor  the  comparative  value  of  different  foods  in 
I'egard  to  their  feeding  and  manure  productiveness,  are  taken 
into  calculation. 

Of  late,  store -stock  have  been  very  dear,  and  I  have  Iittl& 
doubt  that,  if  tested  by  the  scales,  it  would  be  found  tbaU 
oxen  ami  sheep  have  been  bougYvl  a\*  ^tvc«&  ^Vmh.  wouldL 
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Tepresent  6d.  per  lb.     Now,  6d.  per  lb.  is  £56  per  ton.     To 
purchase  10  tons  of  store-stock  would  not  be  a  very  large 
purchase  to  make.    Now,  I  should  like  to  ask  the  best  judges 
of  stock  in  this  room  to  pick  out  from  a  herd  of  oxen,  or  a  flock 
of  sheep,  as  many  as  they  thought  would  make  up  10  tons  in 
weight ;  or  to  see,  if  two  or  three  went  to  work  independently, 
how  nearly  their  estimates  would  agree !     If  your  coal-mer- 
chant, or  your  manure-dealer,  proposed  to  sell  you  those  com- 
modities by  the  heap,  you  would  not  hear  of  such  a  thing, 
and  you  would  insist  upon  purchasing  by  weight.    But,  weight 
for  weight,  these  articles  bear  no  comparison  in  value  with 
that   of  animals.      If,  then,  with  articles  of  comparatively 
little  value  you  will  not  buy  by  the  lump,  regardless  of  exact 
Weight,  why  should  you  do  so  with  anything  so  costly  as  your 
store-stock  ?     I  admit  that  I  am  myself  compelled  to  adopt 
the  custom  of  the  trade ;  but  I  nevertheless  thoroughly  resent 
it,  and  feel  that  I  never  know  whether  my  purchtise  has  been 
a  good  or  a  bad  one,  until  I  have  brought  the  animals  to  the 
Scales,  and  calculated  the  price  per  pound  of  live- weight.   The 
^ye  is  the  proper  judge  of  quality,  and  the  price  per  pound,  or 
J>er  cwt.,  should  be  settled  accordingly ;  and,  this  done,  the 
t^^tal  value  should  be  settled  by  the  scales. 

The  same  plan  of  guessing  is  adopted  in  the  sale  of  the  fat 
^tock.  Here  the  butcher  is  sure  to  have  the  best  of  the 
V>argain ;  for  every  day  his  guesses  are  checked  by  reference 
tx)  the  scales,  whilst  the  farmers  are  not,  and  what  chance  has 
\he  feeder,  or  his  salesman,  against  such  an  advantage  as 
this? 

If  the  farmers  of  the  country  at  large  were  to  agree  to  declare 
that  they  would  only  buy  and  sell  stock  by  weight,  they 
would  doubtless  have  ample  power  to  enforce  their  decision. 

The  same  indifference  to  weights  is  manifested  throughout, 
from  the  birth  of  the  animal  until  it  reaches  the  butcher. 
There  is  the  clearest  evidence  of  this  in  the  discussions  of  the 
subject  amongst  farmers  themselves,  whether  at  home,  at  the 
market  table,  or  at  the  clubs.  If  the  custom  of  buying  and 
selling  stock  by  weight  were  once  established,  and  it  is  so 
already  to  a  great  extent  in  America,  the  advantages  to  the 
fanner  would  be  very  great  in  various  ways.  He  'T^wMii^V. 
odIj  he  able  to  teat  the  money  result  of  hia  witwfi\  ^\\tOa»aft.^ 
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and  sales,  but  lie  would  gain  much  experience,  which  would 
sharpen  his  judgment  in  the  matter  in  the  future.  A  greater 
advantage  still  would  be,  that  he  would  be  led  to  test  his 
practice  at  every  intermediate  stage  between  the  breeding  or 
the  buying  and  the  selling.  He  would  ascertain  what  were 
the  best  mixtures  of  food  to  use,  according  to  the  seasons  and 
to  the  markets.  He  would  determine — whether  his  animals 
were  giving  a  proper  rate  of  increase  ;  how  much  of  different 
foods  they  required  to  produce  it ;  and  he  would  carefully  con- 
sider also  the  manure-value  of  the  different  foods.  He 
would,  in  short,  take  the  only  means  of  insuring  economy  in 
his  meat  and  manure  manufacture. 

I  was  asked  by  your  Secretary  to  address  you  this  evening 
on  the  most  economical  method  of  producing  meat.  But  I  felt 
that,  as  the  only  way  in  which  I  could  properly  treat  the 
subject  would  be  by  reference  to  weights,  both  of  the  food  and 
of  the  animals,  it  would  be,  to  many,  neither  interesting  nor 
instructive ;  it  would,  in  fact,  be  like  speaking  in  an  unknown 
tongue. 

I  will  endeavour  to  illustrate  my  meaning  by  reference  to 
a  question  which  is  much  discussed  at  the  present  time — 
namely,  the  relative  economy  of  producing  young  or  old 
beef. 

If  you  look  at  Table  VI.,  to  which  I  have  already  called 
attention,  you  will  find  that  in  the  top  line  of  each  of  the  four 
divisions,  relating,  respectively,  to  the  four  English  breeds, 
you  have  an  example  of  early  maturity ;  and  the  increase  per 
day,  and  the  calculated  increase  per  1000  lbs.  live- weight  per 
week,  show,  by  comparison  with  the  older  animals,  a  more 
favourable  rate  of  increase.  To  produce  the  same  weight  in 
two  years  as  would  otherwise  be  only  attained  in  three  years 
or  more,  is,  of  course,  in  many  points  of  view,  a  great  gain. 
As  animals  consume  and  expend  a  given  amount  of  food 
daily,  in  proportion  to  their  weight,  merely  in  the  maintenance 
of  their  existence,  it  is  obvious  that  there  is,  so  far,  a  consider- 
able saving  of  food  if  the  same  weight  is  attained  in  one-half 
or  two-thirds  the  time.  Other  expenses  will  also  be  more  or 
less  reduced  the  shorter  the  time  required  to  produce  a  givea 
weight.  It  is  true  that,  so  long  as  an  animal  only  feeda  in  lu 
pasture  in  the  summer,  and  on\y  lemx^  ^\?cwi  wjdl  loots  iia 
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the  winter,  it  lives  at  comparatively  little  cost,  even  if  it 
make  but  slow  progress,  until  the  final  period  of  fattening 
l)egins.  Again,  as  the  animal  matures,  it  consumes  less  food 
for  a  given  live- weight  within  a  given  time,  a  given  weight  of 
food  gives  rather  less  gross  increase,  but  a  given  weight  of 
gross  increase  represents  more  carcass,  more  solid  matter,  and 
less  water.  On  the  other  hand,  to  obtain  the  more  rapid 
increase,  much  more  costly  food  must  be  given  throughout  the 
life  of  the  animaL 

It  is  obvious  that  the  two  systems  cannot  be  fairly  com- 
pared, without  taking  into  the  calculation  accurate  data — as 
to  the  cost  of  attendance,  the  quality,  quantity,  and  cost  of 
the  food  consumed,  the  rate  and  value  of  the  increase,  and  the 
value  of  the  manure  in  the  two  cases.  Yet  in  none  of  the 
discussions  of  the  subject  of  which  I  have  seen  the  records  has 
there  been  any  attempt  to  bring  figures  relating  to  these 
Various  points  to  bear  upon  the  question. 

A  few  weeks  ago  there  was  an  article  in  the  North  British 

Agriculturist  headed  "  Young  v.  Old  Beef."     The  Editor  justly 

3  peaks  of  the  excellence  of  the  article,  which  he  says  was 

'^rritten  by  a  well-known  shorthorn  breeder,  who  has  oftener 

^lian  once  tasted  the  sweets  of  first  honours  at  the  Smithfield 

^nd  other  National  Fat  Shows.    The  writer  gives  the  increase 

of  weight  of  five  cattle,  of  different  ages,  from  March  1  to 

November  1.    He  says,  that  the  animals  were  fed  on  the  best 

lie  could  procure  for  them,  were  all  healthy  during  the  experi- 

:inent,  and  all  figured  as  first  prize  takers  at  Christmas  Shows. 

Sut,  he  adds,  the  food  was  not  weighed ;  and  further  on  he  says, 

*'  this  instance  I  have  selected  from  many  in  my  note  books 

of  live-weights  of  animals,  and  increase  at  different  times ; 

and  the  proportionate  increase  of  weight  of  different  aged 

animals  is  fairly  stated  in  the  above  examples." 

I  gather  from  these  statements  that  it  is  assumed  by  the 
writer  that  the  rates  of  increase  quoted  are  what  may  be  ex- 
pected in  the  case  of  first-class  shorthorns  of  the  ages  given, 
and  fed  upon  the  best  food  that  can  be  procured  for  them. 
They  were  as  follows ;  and  I  have  added  a  column  showing 
the  rate  of  increase  per  head  per  week,  obtained  by  dividing 
the  total  increase  by  35,  the  number  of  weeks  from  Max^Vv  V 
to  'Sovewher  1 : — 
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Increase  in  Liye-weight 

From  March  1 

to 
November  1. 

Per  head  per 
week. 

1  Four-year-old, 

1  Threo-year-old, 

3  Two-year-olds  (average  per  head), 

Cwts.   qrs.  lbs. 
12      0 
2        0      0 
4        0     24 

lbs. 
18J 

1 

The  actual  weights  of  the  animals  are  not  given.  But  it 
may  be  assumed  that  the  four-year-old  ox  would  weigh  nearer 
2000  lbs.  than  1000  lbs. ;  so  that  the  rate  of  increase  would 
probably  not  be  more  than  2^  or  3  lbs.  per  1000  Ibe.  live- 
weight  per  week,  instead  of  10  to  11  lbs.  according  to  our 

.  estimate.  Nor  would  either  of  the  younger  animals  show  a 
sufficient  rate  of  increase;  though  the  evidence  is  certainly 
very  much  in  favour  of  the  younger  animals.  The  4J  lbs. 
increase  per  head  per  week  of  the  four-year-old  would  be 
worth  about  two  shillings;  and  I  leave  you  to  judge  what 
relation  that  sum  would  bear  to  the  cost  of  feeding  a  four- 
year-old  shorthorn  on  the  best  of  everything !  These  figures 
afford  some  idea  of  the  cost  of  obtaining  a  prize,  but  they  are 
of  no  value  as  examples  of  profitable  feeding. 

It  must  be  understood  that  in  making  these  remarks  I  do 
not  wish  to  find  any  fault  with  the  writer,  who  is  obviously  a 
man  of  much  intelligence  and  experience.  But  I  wish  to  enter 
a  protest  against  the  system  of  disregarding  attention  to  the 
weights  of  animals,  to  their  rates  of  increase,  and  to  the  quality, 
(quantity,  and  cost,  of  the  food  they  consume  to  produce  it, 
which  alone  could  render  it  possible  that  such  results  could 
be  quoted  as  examples  of  successful  feeding. 

It  is  a  somewhat  humiliating  admission  to  make,  though  so 
far  it  has  proved  to  be  too  true,  that  the  virgin  soils  and  plains 
of  the  United  States  and  Canada  can  produce,  and  send  to  this 
country,  com  and  meat  cheaper  than  they  can  be  produced  on 
our  own  soils  at  home,  with  all  our  boasted  skill  and  sdenoe. 
The  opinion  expressed  by  some,  that  we  shall  again  become 
exporters  ot  com,  is  altogether  chimericaL    But  we  have  at 

anj^  rate  the  cost  of  transit  in  iavouT  ol  \ksycafe  ^^gradnfition. 
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This,  though  a  less  considerable  protection  in  the  case  of  grain, 
must  always  be  a  material  item  in  the  case  of  live  animals, 
and  of  meat ;  and  the  rearing  and  feeding  of  stock  must  always 
form  an  important  branch  of  our  farming. 

It  is  such  a  generally  accepted  opinion  that  the  agriculture 
of  Great  Britain  is  superior  to  that  of  any  other  country,  that 
you  will  perhaps  be  disposed  te  resent  the  allegation  that 
there  is  very  much  in  your  practice  which  requires  improve- 
ment.    During  the  last  thirty  or  forty  years,  our  knowledge  of 
the  productive  eflfects  of  different  manures,  of  the  food  require- 
ments of  different  animals,  of  the  increase  they  should  yield, 
and  of  the  value  of  the  manure  they  produce,  has  made  great 
progress.     But  comparatively  few  British  farmers  pay  any 
attention  to  such  subjects,  or  care  to  avail  themselves  of  the 
information  at  their  disposal.     It  is  true  that  much  of  the 
existing  data  is  not  yet  available  in  a  form  which  would  be 
easily  intelligible  to  farmers  generally,  but  this  is  because 
there  is  little  demand  for  such  knowledge ;  and  a  comparison  of 
the  current  agricultural  literature  of  this  country  with  that  of 
America,  and  of  some  parts  of  the  European  continent,  would 
show  that  the  demand  is  greater  in  those  countries.     So  long, 
indeed,  as  the  old  routine  yielded  fair  profits,  what  need  was 
there  of  any  change  ?     But  the  present  crisis,  though  I  fear  it 
may  bring  loss  and  suffering  to  many,  will  not  be  without 
Some  advantages,  if  it  should  lead  to  the  conduct  of  agricul- 
tural operations  on  a  basis  more  in  accordance  with  both 
oommercial  and  scientific  principles. 
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"  Agiicultural,  Botanical,  and  Chemical  Results  of  Experi- 
ments on  the  Mixed  Herbage  of  Permanent  Meadow, 
conducted  for  more  than  twenty  years  in  succession  on 
the  same  land."  By  J.  B.  Lawes,  LL.D.,  F.R.S.,  F.C.S., 
and  J.  H.  Gilbert,  Ph.D.,  F.R.S.,  F.C.S.,  F.L.S.  Received 
June  16,  1879. 

(Abstract.) 

In  the  experiments  at  Rothamsted  with  different  manures,  irheat 
lias  now  been  grown  for  thirty-six  years  in  succession  on  the  same  land, 
^rley  for  twenty-eight  years,  and  oats  for  nine  years.    Somewhat  in  like 
^^^nner,  but  with  some  breaks,  beans  have  been  grown  over  a  period  of 
^<>re  than  thirty  years,  clover  for  many  years,  and  "  root-crops  "  (tur- 
'^ps,  sugarbeet,  or  mangel-wurzel)  also  for  more  than  thirty  years.  Each 
^f  these  individual  crops  has  exhibited  certain  distinctive  characters 
^nder  this  unusual  treatment.     But,  withal,  those  of  the  same  natural 
'amiiy^  wheat,  barley,  and   oats,  for   example,  have   shown  certain 
^aiticters   in  common,  those  of  the  Leguminous   fiimily  characters 
^^dely  different,  whilst  the   so-called   root-crops,  belonging  to   the 
.   **Qctferou8  and  Ghenopodiaceous  families,  have  exhibited  character- 
^^icB  differing  from  those  of  either  the  Gramineee  or  the  Leguminos». 
Compared  with  the  conditions  of  growth  of  any  one  of  these  indi- 
^^Ual  crops  grown  separately,  those  of  the  mixed  herbage  of  grass 
^^<i  are  obviously  extremely  complicated.     Thus,  it  comprises,  besides 
^  ^^xierous  genera  and   species   of   the   gramineous  and  leguminous 
^**^ies,  representatives  also  of  many  other  natural  orders,  and  of 
e  of  great  prominence  and  importance  as  regards  their  prevalence 
distribution  in  vegetation  generally.     And  if,  under  the  influence 
^   oharacteristically  different  manuring  agents,  as  has  been  the  case, 
*^^*e  have  been  observed  notable  differences  in  the  degree  of  luxuriance 
^       growth,  and  in  the  character  of  development,  even  between  closely 
^Wied  plants  when  each  is  grown  separately,  and  much  greater  differ. 
^^oes  between   the   representatives    of    different   families   when  so 
^^parately  grown,  might  we  not  expect  very  remarkable  variations  of 
^^^Tilt,  when  different  manures  are  applied  to  an  already  established 
^*^ixed  herbage  of  perhaps  some  fifty  species  growing  together,  repre- 
^^^tinjif  nearly  a^  many  genera  and  more  than  twenty  natural  orders  ? 
Such,  far  beyond  what  could  have  been  anticipated,  has  been  the 
^^^^  in  the  experiments   described.     So   complicated,  indeed,   have 
"®6Ji  the  manifestations  of  the  "  struggle  "  that  has  been  set  up,  that, 
®^^  after  more  than  twenty  years  of  laborious  experiment,  both  in 
^he  field  and  in  the  laboratory,  and  following  up  both  the  botaiv^  ^li^ 
^  n^iemiBftij'  of  the  subject^  we  can  hardly  ciavm  V/o  \ia^^  ^^\»  ^'orMi 
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much  more  tlian  reach  the  threshold  of  a  very  comprehensive  inquiry. 
Still,  we  hope  toestabliiih  some  points  of  general  interest ;  and  possibly 
io  indicate  promisincj  paths  of  future  research. 

From  the  title  of  our  paper,  it  Avill  at  once  be  concluded  that  the 
oxpcrimcuis  wore  originally  undertaken  and  arranged  from  an  agri- 
cultuml  ])oint  of  view.  But,  as  experimenting  on  the  feeding  of 
animals  soon  led  us  into  lines  of  inquiry  of  even  more  interest  to  the 
rh(?niist,  the  animal  ])hysiologist,  and  the  dietetician,  than  to  the 
agriculturist,  so  the  investigation  of  the  effects  of  different  manures 
on  i\u)  mixed  herbage  of  gi*as8  land  has  led  us  far  bt^yond  the  limits  of 
a  purely  a f]^ri cultural  problem,  and  has  afforded  results  of  morrc  intercbi 
to  the  botanist,  the  vegetable  physiologist,  and  the  chemist,  than  tr 
the  farmer.  Indeed,  agriculture,  the  most  primitive,  and  commonh 
estcicmed  the  rudest  of  the  arts,  requires  for  the  elucidation  of  tht 
])rinciplcs  involved  in  its  various  practices,  a  very  wide  range  oJ 
scientitic  inquiry ;  and  the  investigtition  of  them  may,  in  its  turn,  eon- 
tribute  facts  of  interest  to  the  student  of  various  and  very  distinc 
branches  of  natural  knowledge. 

It  w  ill  be  readily  understood  that,  as  a  necessary  foundation  for  1h< 
discussion  of  the  botany  and  the  chemistry  of  the  subject,  it  will  1> 
essential  first  to  ])ut  on  record,  and  call  attention  to,  what  may  1> 
distiuguisliod  as  the  agricultural  data.  It  is  proposed,  then,  to  arranjr 
and  consider  the  results  obtained  under  the  following  heads  : — 

Part  T The  Agricultural  Results. 

Part  II The  Botanical  Results. 

Part  111 The  Chemical  Results. 

The  genci*}il  scope,  objects,  and  results  of  the  whole  inquiry  may  be 
brieflv  indicated  as  follows  : — 

About  seven  acres  in  the  park  at  Rothamsted  have  been  set  apart 
for  the  experiments,  and  divided  into  plots.  Two  of  these  have  been 
left  without  manure  from  the  commencement;  two  have  received 
ordinary  farm-yard  nuiuure,  whilst  the  remainder  have  each  received 
a  different  description  of  artifical  or  chemical  manure,  the  same  being, 
except  in  special  cases,  applied  year  after  year  on  the  same  plot. 

Referring  first  to  the  AtjricnUural  BesuUs^  it  may  be  premised  that, 
v;ithout  mo n lire,  the  })roduce  of  hay  has  varied  from  year  to  year, 
according  to  settson,  from  about  8  cwt.  to  nearly  39  cwt.  per  acre,  and 
the  average  yield  has  been  about  23  cwt.  per  acre  per  annum.  On  the 
other  hand,  the  plot  the  most  heavilyartiticially  manured,  and  yielding 
the  highest  amount  of  produce,  has  given  an  average  of  about  64  cwt«. 
of  hay  per  acre  p(ir  annum,  with  a  variation  from  year  to  year  fpon 
under  40  cwts.  to  nearly  80  cwts.  Intermediate  between  the  extremes 
here  quoted,  very  great  variation  in  the  amount  of  produce  has  beei 
*jxbibitcd  on  tho  other  differently  manured  "^loXa. 
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With  these  great  differences  in  the  amounts  of  produce  the  botanical 
character  of  the  herbage  has  varied  most  strikingly.  Thus,  start- 
iog  with  perhaps  fifty  species  on  the  unmanured  land,  any  kind  of 
manure,  that  is,  anything  that  increases  the  growth  of  any  species, 
induces  a  struggle,  greater  or  less  in  degree,  causing  a  greater  or  less 
diminution,  or  a  disappearance,  of  some  other  species ;  until,  on  some 
plots,  and  in  some  seasons,  less  than  20  species  have  been  observable, 
and  on  some,  after  a  number  of  years,  no  more  than  this  are  ever 
traceable. 

Even  in  the  first  years  of  the  experiments  it  was  noticed  that  those 
manures  which  are  the  most  effective  with  wheat,  barley,  or  oats,  grown 
on  arable  land,  that  is,  with  gramineous  species  grown  separately,  were 
*1«)  the  most  effective  in  bringing  forward  the  grasses  proper,  in  the 
mixed  herbage ;  and,  again,  those  manures  which  were  the  most 
beneficial  to  beans  or  clover,  the  most  developed  the  leguminous 
species  of  the  mixed  herbage,  and  vice  versd.  It  was  further  observed 
that  there  was  great  variation  in  the  predominance  of  individual 
species  among  the  grasses,  and  also  among  the  representatives  of  other 
orders.  And  even  in  the  second  year  the  differences  in  the  flora,  so  to 
speak,  were  so  marked,  that  a  first  attempt  at  a  botanical  analysis  of 
carefully* taken  samples  of  the  produce  of  some  of  the  plots  was  then 
^e ;  in  the  third  year  more  detailed  separations  were  made ;  and, 
^ng  advantage  of  the  experience  thus  gained,  pretty  complete 
hotanical  analyses  have  since  been  conducted  four  times,  at  intervals  of 
five  years,  during  the  course  of  the  now  twenty-four  years  of  the  experi- 
"^ents ;  and  on  several  other  occasions  partial  separations  have  been 
^dertaken.  The  character  and  tendency  of  the  results  so  obtained 
^J  be  very  briefly  indicated  as  follows  : — 

t  the  produce  grown  continuously  without  manure  the  average 
"^lunber  of  species  found  has  been  49.  Of  these,  17  are  grasses,  4 
belong  to  the  order  LeguminossB,  and  28  to  other  orders.  The  per- 
^*iitage  by  weight  of  the  grasses  has  averaged  about  68,  that  of  the 
^^egUQiinossB  about  9,  and  that  of  species  of  other  orders  23. 

In  the  produce  of  the  plot  already  referred  to  as  the  most  heavily 
^*^iired,  and  yielding  the  heaviest  crops,  the  average  number  of 
^iee  found  has  been  only  19,  of  which  12 — 13  are  grasses,  one  only 
(or  none)  leguminous,  and  5 — 6  only  represent  other  orders ;  whilst 
*he  aremge  proportions  by  weight  have  been — of  grasses  about  95  per 
f^t.,  of  Legnminosffi  less  than  001  per  cent.,  and  of  species  represent- 
^  other  orders  less  than  5  per  cent. 

On  the  other  hand,  a  plot  receiving  annually  manures  such  as  are  of 
*^fe  avail  for  gramineous  crops  grown  separately  in  rotation,  but 
'^ich  ^vonr  beans  or  clover  so  grown,  has  given  on  the  average 
^  Bpecies.     Of  these  17  in  number  are  grasses,  4  Le^TQ\TLC>^i«5<,  ^?(A 
^  b^oii^  to  other  ordera ;  bnt  by  weight  tlie  percenter  ol  ^t%a&^%\As^ 
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averaged  only  65 — 70,  that  of  the  Legmninosae  nearly  20,  and  that  • 
species  belonging  to  other  orders  le^s  than  15. 

With  such  very  great  variations  not  only  in  the  amount,  but  in  tl 
botanical  character  of  the  produce  of  a  crop  under  any  circumstanc 
so  complex,  it  might  be  anticipated  that  there  would  be  very  gre 
differences  in  its  chemical  composition,  partly  due  directly  to  t 
supply  of  constituents  by  manure,  partly  to  variation  in  the  descri 
tion  of  plants  encouraged,  and  partly  to  the  character  and  degree 
development  and  ripeness  of  the  varying  components  of  the  mix 
herbage,  according  to  the  season  and  to  the  manure  employed. 

With  a  view  to  the  elucidation  of  this  part  of  the  subject,  the  d 
matter  and  the  ash  have  been  determined  in  the  produce  of  every  pi 
in  every  season,  the  nitrogen  in  that  of  all  the  plots  for  many  of  t 
seasons,  and  in  some  cases  the  amount  of  it  existing  as  albnminoi 
has  been  determined.  In  selected  cases  also  comparative  determii 
tions  of  **  crude  woody-fibre  '*  and  of  crude  fatty  matter  have  be 
made.  About  120  complete  ash  analyses  have  been  executed.  Ai 
lastly,  samples  of  the  soil  of  every  plot,  in  some  cases  at  differe 
periods,  and  in  most  cases  representing  the  first,  second,  third,  fouri 
fifth,  and  sixth  depths  of  9  inches,  or  in  all  to  a  total  depth  of 
inches,  have  been  collected,  and  these  have  been  chemically  examiu 
in  various  ways. 

It  is  found  that  there  is  a  considerable  difference  in  the  percenta 
of  dry  substance  in  the  produce,  and  very  considerable  differeBce 
the  percentage  of  mineral  matter  (or  ash)  in  that  dry  substan 
There  is  still  greater  difference  in  the  percentage  of  nitrogen  in  1 
dry  matter,  and  again,  a  greater  difference  still  in  the  percentage 
individual  constituents  of  the  ash.  When  indeed  it  is  remembered  tl 
a  plot  may  have  from  20  to  50  different  specieR  growing  upon  it,  efl 
with  its  own  peculiar  habit  of  growth,  and  consequent  varying  rar 
and  power  of  food-collection,  it  will  not  appear  surprising  tl 
different  species  are  developed  according  to  the  manure  employe 
and,  this  being  so,  that  the  character  and  amount  of  the  constitue 
taken  up  from  the  soil  by  such  a  mixed  herbage  should  be  found  mi 
more  directly  dependent  on  the  supplies  of  them  by  manure  than  is 
case  with  a  crop  of  a  single  species  growing  separately. 

In  further  illustration  it  may  be  mentioned  that,  not  only  does 
percentage  of  nitrogen  in  the  produce  of  the  different  plots  vary  o 
siderably,  but  the  average  annual  amount  of  it  assimilated  over  a  gr 
area  is  more  than  three  times  as  much  in  some  cases  as  in  oUi( 
Again,  the  percentage  of  potass  in  the  dry  substance  is  more  t] 
double  as  much  in  some  cases  as  in  others ;  whilst  the  difference  in 
average  annual  amount  of  it  taken  up  over  a  given  area  is  more  il 
five  times  as  much  on  some  plots  as  on  others,  dependent  on  the  snpp 
o/j't  hy  manure,  and  the  consequent  desocipVioxL  ol  '^^luita^  «nd  uno 
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and  cliaracter  of  growth  induced.  The  percentage  and  acreage 
amounts  of  phosphoric  acid  also  vary  very  strikingly ;  and  so  again  it 
is  with  other  mineral  constituents,  but  in  a  less  marked  degree. 

It  will  be  seen  that  in  the  history  of  so  many  of  what  may  be  called 
natural  rotations,  we  can  hardy  fail  to  learn  much  that  is  of  interest, 
not  only  in  reference  to  the  growth  of  the  mixed  herbage  of  perma- 
nent grass  land,  but  also  something  of  the  relative  positions  of  the 
different  plants  that  are  grown  separately,  in  alternation  with  one 
another,  in  the  artificial  rotations  adopted  on  arable  land. 

The  botanical  results  are,  moreover,  of  much  independent  interest, 
both  by  the  facts  which  they  already  contribute,  and  by  the  incentive 
and  direction  they  may  give  to  future  research. 

Lastly,  the  chemistry  of  the  subject  will  be  found  to  offer  many 
points  of  interest,  in  regard  to  the  variation  in  the  percentage  com- 
position of  the  produce,  according  to  the  manure  applied;  to  the 
description  of  plants  developed,  and  to  the  character  of  their  develop- 
ment ;  to  the  availableness  of  the  constituents  artificially  supplied  ; 
and  to  the  amount  and  limit  of  the  natural  resources  of  the  soil,  both 
actually  and  compared  with  the  results  obtained  when  individual 
species  are  grown  in  arable  culture. 

It  will  be  readily  understood  that  the  record,  and  the  discussion,  of 
the  agricultural,  the  botanical,  and  the  chemical  history  of  about  20 
plots,  in  20  different  seasons,  must  involve  much  detail ;  and  although 
it  is  obvious  that  facts  special  to  any  one  of  the  three  main  divisions 
of  the  subject  may  require  for  their  elucidation  reference  to  those  of 
one  or  both  of  the  others,  it  is  still  believed  that  it  will  conduce  to 
clearness,  and  reduce  unavoidable  repetition,  to  maintain  the  divisions 
proposed  as  far  as  possible. 

On  the  present  occasion.  Part  I  only,  entitled — "  The  Agricultural 
B^sults,"  is  presented.  In  Part  II,  "  The  Botanical  Results,"  which 
^11  next  follow,  Dr.  M.  T.  Masters,  F.R.S.,  is  joint  author. 


'^^^BOK  AJfJ>  aOSB,  PMIJfTBBB  IK  OBDIVARY  TO  HSB  MJLJMTY  ,  OT.  1LX».T\^*%  \*V»^, 
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On  some  points  in  connection  with  Agricultural  GJiemistry, 
By  Dr.  J.  H.  Gilbert,  F.B.S. 

*•  Gilbert  stated  that  in  the  experiments  of  Mr.  Jjawes  and  himself,  conducted 
)  fann  of  Mr.  Lawes,  at  Rothamsted,  Herts,  wheat  had  now  been  grown  for 
-sax  years  in  succession  on  the  same  land ;  barley  for  twenty-eight  years  in 
sion,  oats  for  nine  years,  root  crops  for  more  than  thirty  years,  beans  for  more 
thirty  years,  and  they  had  experimented  on  the  mixed  herbage  of  grass  land 
enty-jour  years.  They  found  minor  distinctions  in  the  nianunal  requirements 
ferent  plants  of  the  same  natural  family,  but  very  great  distinctions  in  the 
ements  of  plants  of  different  natural  families.  The  gramineous  crops  are  yery 
their  percentage  of  nitrogen,  and  yield  but  a  small  quantity  of  it  per  acre, 
trogenous  manures  are  very  effective  when  applied  to  such  crops.  Legumi- 
rops,  on  the  other  hand,  are  very  high  in  their  percentage  of  nitrogen,  and 
i  large  amount  of  it  per  acre.  Yet  nitrogenous  manures  are  of  little  avail  to 
ilants,  and  potass  manure  is  especially  effective.  The  difference  in  the  manure 
iments  of  plants  of  other  natural  families  was  also  pointed  out.  Much  more 
cated,  however,  was  the  problem  when  experiments  were  made  upon  the 
herbage  of  grass  land,  where  they  might  have  fifty  or  more  species  growing 
ciataon,  representing  perhaps  twenty  natural  families.  It  was  at  once  found 
le  manures  which  most  favoured  gramineous  crops  separately  grown  on  arable 
rought  forward  the  gramineous  plants  of  the  mixed  herbage.  Those,  on  the 
band,  which  favoured  the  le^minossB,  grown  separately,  on  arable  land, 
it  forward  the  leguminosae  in  the  mixed  herbage.  Somewhat  similar  results 
id  with  the  plants  of  other  natural  families.  Hence,  the  twenty  different  plots 
e  experiments  soon  showed  as  many  distinct  floras.  Tables  were  exhibited 
kting  the  variation  in  the  number  of  species,  their  percentage  bv  wdght,  and 
ounts  which  the  different  natural  families  yielded  per  acre.  With  the  great 
ice,  not  only  in  the  flora,  but  also  in  the  character  of  development  of  the 
there  was  the  greatest  possible  difference  in  the  chemical  composition.  The 
ktter  of  the  mixed  herbage  contained  in  some  cases  1^  time  as  much  nitrogen 
(thers.  The  percentage  of  potass  in  the  produce  varied  as  one  to  two,  and 
lount  of  potass  yielded  per  acre  as  one  to  five  in  the  different  experiments ; 
ere  were  considerable  dinerences  among  the  other  constituents.  Tne  produce 
respective  natural  families  possessed  its  own  normal  composition  within  certain 
Yet  this  was  varied  immensely  according  to  the  conditions  supplied,  and 
aracter  of  the  produce  grown.  Thus,  the  ash  of  the  gramineous  produce 
i  a  variation  in  the  percentage  of  potass  of  from  about  ^  to  about  40 ;  the 
the  leguminous  produce  from  12  to  33 ;  and  that  of  the  miscellaneous  pro- 
rom  1/  to  37.  One  point  of  especial  interest  was  the  difference  in  the 
t  of  nitrogen  yielded  by  the  plants  of  the  different  natural  families.  It  was 
)d  by  some  that  some  plants  assimilated  the  free  nitrogen  of  the  atmo- 
;  but  the  authors  considered  that  the  balance  of  the  direct  experimental 
08  on  the  point  was  decidedly  against  such  a  supposition ;  and  so  far  as  their 
tg  evidence  went  they  considered  it  much  more  probable  that  the  diflferent 
only  took  up  combined  nitrogen,  and  chiefly  from  tlie  %oi\.  'YIViA^  ^^y?!^ 
nvDce  to  theij  experiments  that  in  the  growtb  of  ^lioat  ot  \»x\«;}  tot  tukdc^ 
vtucceBeiah  on  the  same  land  without  nitrogenouB  mairai^  ^i^*^  vi£KQa\.Y^^^ 
^gnintbe  crop  gnduaUy  dimimshed.    With  thiB  ^ey  icwoA  %.  ^ossflsa^assft. 


in  the  percentage  of  nitrogen  in  the  soil.  In  the  case  of  the  root  crops, 
diminution  in  tne  annual  yield  of  nitrogen  was  even  greater  than  in  the  c 
cereals^  the  diminution  in  the  percentage  of  the  nitrogen  in  the  soil  was  ah 
In  the  case  of  beans  there  was  also  a  diminution  in  the  yield  of  nitrog 
crop,  but  still  much  more  was  yielded  over  the  later  period  than  in  eit 
or  ciarley.  In  this  case  there  was  not  found  a  marked  reduction  of  ni 
the  surface  soil.  In  the  case  of  the  mixed  herbage  experiments  very  m 
nitrogen  was  yielded  by  the  application  of  potass  manure ;  and  here  the 
great  reduction  in  the  percentage  of  nitrogen  in  the  soiL  In  the  case 
grown  for  many  years  in  garden  soil,  the  percentage  of  nitrogen  in  th 
also  yery  largely  reduced.  Part  of  this  reduction  might, be  due  to  othi 
but  the  indication  was  that  the  leguminossa  had  derived  their  nitrogec 
soil.  Admitting  that  the  sources  of  the  whole  of  the  nitrogen  of  vegeta 
not  conclusively  made  out,  they  nevertheless  considered  that  the  existing 
was  against  the  idea  of  the  assimilation  of  free  nitrogen  by  plants,  and  in 
the  opinion  that  the  nitrogen  was  mainly,  if  not  entirely,  derived  thi 
medium  of  the  soiL 
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Introduction. 


SracB  the  publication  of  our  Paper,  **  On  the  Home  Produce 
Imports,  and  Consumption  of  Wheat,"  in  this  *  Journal'  in  1868 
(▼oL  vi.  S.S.,  part  2\  more  than  eleven  years  have  passed  away, 
— -years  during  which  the  agricultural  interests  of  these  islands 
^ave  experienced  a  transition  from  a  state  of  great  prosperity  to 
one  of  great  depression, — years  during  which  the  worst  features 
of  our  climate  have  been  exhibited  in  unusual  frequency,  and 
^hich  have  terminated  with  a  season,  not  only  by  far  the  worst 
'^r  tbe  wheat-crop  since  the  commencement  of  our  experiments 
^  tbe  continuous  growth  of  the  crop  in  1843—4,  but  probably 
the  very  worst  that  has  occurred  since  observers  have  furnished 
^'  Mrith  records  of  temperature  and  rainfall,  and  with  other 
'^^^ther  statistics. 

»^  I^  has  been  remarked  that,  so  far  as  climate  is  concerned,  the 

^^ish  Isles  are  outside  the  zone  favourable  to  the  growth  of 

,  ^^at,  and  that  its  successful  cultivation  is  due  to  the  skill  of 

^T^    farmer  in  contending  against  adverse  meteorological  con- 

^}^ions.     It  is   true  that   the  area  under  the  crop  is  rapidly 

^^^inishing,  and  that  its  continued  growth  appears  to  gravitate 

^  ttose  districts  where  the  climate,  or  the  soil,  or  the  combina- 

•*^^  of  the  two,  is  the  most  favourable.     But  the  great  decline 

•  ^   ^rea  cannot  be  attributed  to  any  general  change  for  the  worse 

^     the  characters  of  the  climate.     Indeed,  Mr.  Glaisher  has 

^^^^ntly  called  attention  to  the  fact  that,  dividing  the  last  108 

^^H.T8  into  six  periods  of  eighteen  years  each,  there  is  even  a 

^^Sht  progressive  increase  of  mean  temperature  from  the  first 

^  the  last  of  those  six  periods.     It  is  to  the  greatly  increased 

I^'^^uction  of  wheat  in  other  countries,  at  a  lower  cost  than  in 

?^^  own,  and  to  low  rates  of  transport,  by  which  it  is  brought 

^tf)  our  markets  in  quantity  and  at  a  price  much  reducing  the 

«  ^lue  of  the  home^produce,  that  the  reduced  area  xiadeT  \!tk!&  cx«^ 

^  fjiieflf  to  be  attributed. 


4  Our  Climate  and  our  Wheat-Crops. 

As  only  about  5  per  cent,  of  the  total  wheat-crop  is  derive< 
from  the  soil  itself,  the  remainder  coming,  directly  or  indirectly 
from  the  atmosphere,  and  as  tlie  amount  of  matter  accumulate! 
from  either  source  depends  mainly  on  the  quantity,  and  th* 
relations  to  ode  another,  of  heat  and  moisture,  we  cannot  b 
surprised  that  the  character  of  the  seasons  exercises  such  a  pre 
ponderating  influence  over  the  growth  of  our  crops.  As  yel 
however,  the  connection  between  meteorological  phenomena  am 
the  progress  of  vegetation  is  not  so  clearly  comprehended  as  ti 
enable  us  to  estimate  with  any  accuracy  the  yield  of  a  crop  b; 
studying  the  statistics  of  the  weather  during  the  period  of  it 
growth.  Experience  does,  indeed,  teach  us  that  we  may  expec 
better  crops  under  certain  conditions  of  the  weather  than  unde: 
others.  But  it  is  only  by  a  careful  comparison  of  the  character 
of  the  seasons  on  the  one  hand,  and  of  the  quantity  and  qualitj 
of  the  produce  on  the  other,  for  many  years,  that  we  can  hope  t 
acquire  sufficient  knowledge  to  enable  us  to  assign  to  the  variou 
agencies,  the  sum  of  which  constitutes  the  climate  of  the  yeai 
their  respective  values  in  the  production  of  the  crop,  Als  we  hav* 
said  before  (this  '  Journal,'  vol.  ix.,  part  1,  p.  96)  : — *'  Thus,  i 
is  obvious  that  difTerent  seasons  will  differ  almost  infinitely  a 
each  succeeding  period  of  their  advance,  and  that,  with  eaci 
variation,  the  character  of  development  of  the  plant  will  also  varj 
tending  to  luxuriance,  or  to  maturation,  that  is,  to  quantity,  or  t 
quality,  as  the  case  may  be.  Hence,  only  a  very  detailed  considers 
tion  of  climatic  statistics,  taken  together  with  careful  periodi 
observations  in  the  field,  can  afford  a  really  clear  perception  c 
the  connection  between  the  ever-fluctuating  characters  of  seasoi 
and  the  equally  fluctuating  characters  of  growth  and  produce 
It  is,  in  fact,  the  distribution  of  the  various  elements  making  nj 
the  season,  their  mutual  adaptations,  and  their  adaptation  to  th> 
stage  of  growth  of  the  plant,  which  throughout  influence  th 
tendency  to  produce  quantity  or  quality.  It  not  unfreouentl; 
happens,  too,  that  some  passing  conditions,  not  indicated  by  ; 
summary  of  the  meteorological  registry,  may  affect  the  crop  ver 
strikingly  ;  and  thus  the  cause  will  be  overlooked,  unless  carefu 
observations  be  also  made,  and  the  stage  of  progress,  and  tenden 
cies  of  growth,  of  the  crop  itself  at  the  time,  be  likewise  taken  int 
account." 

Still,  such  records  as  we  do  possess,  of  the  conditions  as  to  tem 
perature  and  moisture  of  different  seasons,  are  sufficient  to  acoomi 
in  great  measure  for  the  great  variation  in  the  quantity  and  tb 
quality  of  our  crops.  The  actual  amount  of  rainfall  most,  how 
ever,  be  carefully  considered  both  in  connection  with  its  distii 
hut'um  and  with  the  temperature  of  the  period.  For  example,  i 
IS  obvious  that  a  given  amount  o(  taixi)  es^OLlly  distribato 
tbrougb  the  spring  and  summer  in  eac\i  ol  t^o  ikmova^^ 
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have  a  vei^y  widely  diiTerent  effect  on  vegetation  in  the  two 
cases,  if  the  one  season  should  be  at  the  same  time  a  hot  and  the 
other  a  cold  one.     Or,  if  the  temperature  of  the  two  seasons  be 
the  same,  but  the  rainfall  very  different,  either  in  amount,  or 
distribution,  or  both,  so  also  will  the  effect  on  regetation  be  very 
different.     It  is  generally  supposed  that  the  temperature  of  our 
smnmers  is  not,  on  the  average,  sufficiently  high  for  the  pro- 
duction of  abundant  and  well-ripened  crops  of  wheat ;  and  that 
it  is  in  the  hottest  seasons  that  the  produce  is  the  most  abundant. 
This  may  be  the  case  so  far  as  a  certain  class  of  soils  is  con- 
cerned.   But  a  good  deal  of  wheat  is  grown  upon  light  land,  on 
which  the  crop  suffers  considerably  in  a  season  of  drought  or 
Qnosual  heat.    It  would  appear  that  the  defect  of  our  climate  for 
^be  ]HX)duction  of  wheat  is  more  connected  with  an  excess  of 
iiioisture  than  with  a  deficiency  of  heat,  during  the  periods  of 
*<tive  growth  and  maturing.    It  is,  in  fact,  when  a  cold  season,  or 
^^^  of  only  moderate  temperature,  is  accompanied  by  an  excess 
^^  rain,  that  we  find  the  yield  of  our  wheat-crops  is  the  most 
defective. 

I.  Seasons  of  High  and  op  Low  Pboductivenbss. 

i.    Before  entering  upon  any  detailed  consideration  of  the  pecu- 

^^I'ities  of  the  season  and  of  the  experimental  wheat-crops  at 

^^^thamsted,  in  1879,  we  will  endeavour  to  illustrate,  in  broad 

^^^^Une,  the  general  characters  of  season  under  which  some  of 

~|^^  best  and  some  of  the  worst  wheat-crops  of  which  we  have 

j^^  record,  or  the  experience,  have  been  grown  in  this  country. 

^r  this  purpose  we  will  disregard  any  special  characters  of  the  • 

^^^sons  in  question  at  Rothamsted,  and  draw  our  illustrations 

^^irely   from   independent   data ;    namely,  the  records  of  the 

^..^^^Qrvations  of  temperature  and  rainfall   made  at  the  Royal 

^^l^^^^ervatory  at  Greenwich ;  and  we  adopt,  for  the  most  part, 

^^o^e  published  by  Mr.  Glaisher.     It  is  obvious  that  even  such 

^^^t^  are  more  or  less  local  in  their  application ;  still,  they  do 

^^^icate  the  general  character  of  the  different  seasons,  and  their 

^^^^inction  from  one  another. 

In  Tables  I.  II.  and  III.,  which  follow,  are  given  the  parti- 

r^^^cirs  of  the  temperature  and  rainfall  of  fourteen  seasons  during 

^^  present  century,  each  of  which  was  more  or  less  remarkable 

liar  as  the  growth  of  the  wheat-crop  is  concerned.     These  are 

16, 1832,  1833,  1834,  1835,  1853,  1854,  1857,  1860,  1863, 

1868,  1870,  and  1879.     The  first  and  the  last  of  them, 

.6  and  1879,  have  the  character  of  yielding  the  two  worst 


^t^eat-crops  within- the  period  included  by  those  dates^  if  not 
^^^eed  within  the  century.      Some  of  i\ie  olYiexs  ^et^  ^i\s«>^ 
of  great  deGciency;  but  others,  thougVi)  aiVi3\\ix^^iea>\'^ 
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Our  Climate  and  our  WheaUCrops.  9 

be  Been,  thej  were  in  some  points  essentially  diflerent  from  one 
another,  were  nevertheless  characterised  by  yielding  very  abun- 
dant crops,  of  very  good  quality  ;  some  of  them,  it  is  supposed, 
the  most  abundant  within  the  period  under  review.  By  the  side 
of  the  particulars  of  temperature  and  rainfall  of  each  of  those 
fourteen  seasons  there  are  given  the  mean  temperature  of  108 
jears,  the  average  rainfall  of  63  years,  and  the  average  number 
of  days  of  rain  of  55  years.  It  will  be  observed  that  each 
"  season "  is  here  reckoned  to  include  the  last  three  months  of 
the  jq^r  preceding  that  of  the  crop,  as  the  characters  of  the 
automn  and  early  winter  may  materially  affect  the  getting  in  of 
the  seed  and  the  early  progress  of  the  plant. 

We  will  first  call  attention  to  the  characters  of  four  consecutive 

■cawns  of  reputed  very  high  productiveness,  which  occurred 

before  the  commencement  of  the  Rothamsted  experiments,  and 

of  which  we  have  only  such  knowledge  as  is  on  record  respecting 

4em.    These  are  1832,  1833,  1834,  and  1835.     Among  this 

'^es  1834  was  by  far  the  most  abundant ;  and  it  is  generally 

''^ferred  to  as  one  of  the  most  productive  of  the  century.     So 

*oundant  were  these  four  wheat-crops,  that  the  average  price, 

^en  under  protection,  went  down  from  54*.  bd,  per  quarter 

®ver  the  first  harvest-year,  to  49*.  9rf,  over  the  second,  4l*.  5rf. 

®^^  the  third,  and  42*.  8rf.  over  the  fourth.     The  lowest  price 

^*<^hed  was  36*.  per  quarter  in  the  last  week  of  1835  and  the 

r^  of  1836.    And  such  was  the  distress  suffered  by  the  agricul- 

^^I  interest,  as  the  result  of  abundant  wheat-crops,  and  the  low 

P**4ce8  following,  that  Select  Committees  of  the  House  of  Lords, 

j^  of  the  House  of  Commons,  respectively,  were  appointed  to 

•    ^Uire  into  the  matter;  as  now  we  have  a  Royal  Commission  to 

I^Uire   into   the   distress   caused,    not   by   abundant,   but   by 

^^cient  crops,  and  large  importations,  though  by  no  means  such 

^  prices  as  during  the  period  of  great  abundance. 

1^32. — ^The  records  show  considerably  higher  than  average 

|.  ^peratures  during  October,  November,  December  (1831),  and 

^^tiary  (1832) ;   a  great  excess  of  rain  in  October,  and  about 

.  ^^rage  amounts  in  November  and  December,  but  a  deficiency 

^  January.    February  and  March  were  rather  under  average  as 

^  temperature,  with  fairly  average  amounts  of  rain.     In  April 

[^^   temperature  was  rather  over,  in  May  rather  under,  in  June 

^^her  over,  in  July  rather  under,  and  in  August  about  average. 

J.  ^^le  was  a  considerable  deficiency  of  rain  in  April,  May,  and 

^>,  and  again  in  September,  but  a  considerable  excess  in  June 

?^^4  August      Of  this  season,  Tooke  and  Newmarch  say  that 

^^   winter  was  open,  the  spring  of  medium  forwardness,  the 

T^^^^ner  unsettled  to  the  end  of  July,  then  fine  to  \Sie  ciA  o^ 

^^^^gnst,  when  heavy  rains  damaged  the  crops  stiW  omlI.    Ol  \!tifc 
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crops  thej  say  they  were  well  hanrested  south  of  Yorkshire^ 
that  the  yield  was  abundant. 

Thus  this  abundant  crop  was  grown  under  the  inflnenoe  of 
mild  and  rather  wet  winter,  a  spring  of  moderate  chaimcter^^ 
and  a  summer  of  only  moderate  temperatures,  and  with  heiT 
rains  excepting  in  July. 

1833. — October,  November,  December,  and  Febmaiy 
for  the  most  part  considerably  warmer  than  the  average ; 
January  and  March  were  considerably  colder,  and  April  rai 
colder  than  the  average.  There  had  been  a  considerable  ainount^^ 
of  rain  in  October,  and  there  was  a  great  excess  in  Febmaiy^tf 
but  there  was  a  deficiency  in  every  other  month  from  November**^ 
to  May  inclusive.  May  was  also  unusually  hot ;  June  was 
with  a  rather  high  total  of  rain,  but  greatly  due  to  a  violent  gali 
about  the  middle  of  the  month ;  July  was  rather,  and 
and  September  were  considerably,  below  the  average  as  to  mi 
temperature ;  but  the  fall  of  rain  during  the  three  months 
below  average.  Tooke  and  Newmarch  say  that  the  winter 
open  and  wet,  the  spring  wet  excepting  part  of  March ;  Mays 
and  most  of  June,  fine ;  July  showery,  and  the  autumn  mosUj 
favourable  for  maturing  and  harvesting  the  crops,  which 
rather  thin  on  the  ground,  but  yielded  weU. 

Thus  this  second  of  the  series  of  abundant  wheat-crops 
grown    in   a   season   characterised   by   a  generally  mild 
moderately  wet  winter  and  early  spring,  excepting  January 
March,  which  were  cold.     The  remainder  of  die  spring,  and  tk 
early  summer,  were  hot  and  mostly  dry,  and  the  rest  of  th 
season  upon   the  whole  favourable.     The  result  was  a 
yielding,  but  not  bulky  straw  crop. 

1834. — The  mean  temperature  was  higher  than  the  an 
in  every  month  from  November  1833  to  September  1834  incl 
sive,  excepting  in  April,  when  the  deficiency  was  not 
The  excess  was  the  most  marked  in  the  winter  and  in 
June,  and  July.  November,  December,  and  January 
wet  as  well  as  warm ;  but  February,  March,  April,  and  Ma^^ 
were  very  dry,  and  June  was  scarcely  average  as  to  rainfall ;  iz  ^ 
July  there  is  a  great  excess  indicated,  which,  however,  was  dn.^^ 
to  a  tremendous  storm,  chiefly  confined  to  London  and  twent^ 
or  thirty  miles  distant ;  in  August  there  was  again  an 
but  in  September  a  considerable  deficiency.  According  to  Took 
and  Newmarch,  the  winter  was  mild  and  wet,  the  spring -^ 
generally  forward,  the  summer  decidedly  fine  and  diy,  witT-^ 
high  temperatures,  and  the  autumn  also  fine;  the  wheafrcror^ 
remarkably  abundant,  got  in  well,  of  fine  quality,  and 
^eld. 

This,  which  was  one  of  the  ^eavifitt  cio^  oC  nheat  on 
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iraj(,  therefore,  grown  in  a  season  warmer  than  usual  almost 
tbirioughout,  but  especially  in  the  winter  and  in  the  spring, 
excepting  April ;  and,  after  an  excess  of  rain  in  the  winter, 
tk^ere  was  a  considerable  deficiency  for  four  months,  to  the  end 
of  JMay,ag^in  a  deficiency  in  June,  bat  afterwards  heavy  rains, 
tkiough  with  high  temperatures. 

1835. — The  mean  temperatures  were  higher  than  the  average 
in  every  month  from  November  to  September  inclusive,  except- 
ing^ in  March,  which  was  close  upon  the  average.     There  was  a 
considerable  excess  of  rain  in  February,  March,  May,  and  June, 
but  a  considerable  deficiency  in  October,  November,  December, 
January,  April,  July,   and   August      Tooke   and   Newmarch 
observe  that  the  winter  was  as  open,  and  as  much  marked  by 
^^  absence  of  snow  and  frost  as  the  three  preceding  winters ;  that 
^e  spring  was  upon  the  whole  favourable  to  the  wheat-crops ; 
^e  summer  brilliantly  fine  till  the  last  week  in  June,  and  the 
^heat  of  extraordinary  bulk  and  luxuriance.     At  the  close  of 
June  heavy  rains  and  high  winds  laid  the  crops ;  but  bright 
bueeiy  weather  in  July  stayed  the    damage,  though  much  did 
'^^t  ripen  well.     The  rest  of  the  season  was  fine.     The  wheat- 
^^'^ps  were  got  in  in  excellent  order ;  but,  though  bulky,  they 
J'^cre  decidedly  inferior  in  both  yield  and  quality  to  those  of 
1834. 

l^o  sum  up  in  regard  to  these  four  consecutive  seasons  of 

•"nuji^jm^  wheat-crops :  it  is  seen  that  they  were  characterised  by 

^^Icl  and  open  winters,  upon  the  whole  mild  springs,  and  average 

^    Warmer  than  average  summers — especially  the  last  two  of 

t*^  four.     In  each  season  there  were  individual  months  of  con- 

^^^rably  more  than  average  fall  of  rain,  sometimes  earlier,  and 

^^^etimes  later,  and  accordingly  influencing  the  bulk  of  the 

^'^p.     But  each  season  was  characterised  by  less  than  the  ave- 

^^S*Q  fiall  of  rain  during  several  months  of  the  growing  period, 

^^^  this  was  particularly  the  case  in  the  season  of  1834,  the  one 

^  the  most  extraordinary  productiveness. 

^Ve  now  come  to  those  of  the  seasons  selected  for  illustration 

Hich  have  occurred  since  the  commencement  of  the  Rothamsted 

^t^riments,  and  the  characters  of  which  are,  therefore,  more 

^thin  our  own  knowledge  and  observation.     Of  these  we  will 

,^^e  first  the  seasons  of  high  productiveness,  and  take  them  in 

*^^X)nological  order. 

1854. — November  (1853)  was  about,  but  December  consider- 

^*>ly  below,  the  average  as  to  temperature,  indeed  very  severe ; 

^*^cl  portions  of  January  and  February  were  also  severe,  with  heavy 

^How  in  January  ;  but  still  the  four  months,  January  to  April 

^liclusive,  each  showed  higher  than  the  average  mean  tem^ratute. 

•-^  October  (1853)  there  had  been  a  great  exceaa  ol  t^tL^\svsX 

^Uijog  each  of  the  six  months  from  seed-time  U>  X5ae  exA  oV 
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April  there  was  a  considerable  deficiency,  and  in  all  only  hal 
the  average  fall,  the  total  deficiency  for  the  six  months  amount 
ing  to  about  5^  inches.  In  May  there  was  a  considerable  ezces 
of  rain,  which  was  very  beneficial  to  the  crops  after  the  Ion] 
dry  period.  There  was  again  a  considerable  deficiency  in  Jun 
and  July,  but  an  excess  in  August.  As  to  temperature,  Ma) 
June,  and  July  were  all  below  the  average ;  and  August  onl 
average.  Of  this  season  Tooke  and  Newmarch  say — that  Ma 
was  cold  and  wet,  June  cold  and  ungenial,  with  less  sun  thai 
usual,  July  not  one  day  of  summer-heat ;  harvest  ten  days  o 
a  fortnight  later  than  usual.  And  of  the  crop  they  say — th 
largest  yield  per  acre  that  has  been  known  for  years,  the  largei 
since  1634.  Our  own  estimate  of  the  crop  over  the  Unite 
Kingdom  was  35^  bushels,  reckoned  at  61  lbs.  per  bushel,  th 
average  of  sixteen  years  being  28^  bushels. 

Thus,  the  crop  of  1854,  which  was  very  abundant  both  in  cor 
and  straw,  was,  after  a  severe  winter  period,  grown  under  highe 
than  average  temperatures  during  the  earlier,  but  lower  duriu] 
the  later,  periods  of  growth  ;  and  with  much  less  than  the  averag 
fall  of  rain  in  every  month  from  seed-time  to  harvest,  exceptinj 
in  May  and  August. 

1857. — This  was  a  season  of  much  more  than  average  pro 
ductiveness  of  corn,  but  of  only  about  average  growth  of  stran 
and  it  was  characterised  as  follows  : — The  mean  temperature  o 
each  of  the  six  months,  from  November  to  April  inclusive 
varied  little  from  the  average ;  but  May  was  1*5,  June  3'6,  Jul 
2*9,  and  August  4*9  degrees  warmer  than  the  average.  There  hm 
been  much  less  than  the  average  fall  of  rain  in  October  185( 
and  in  each  of  the  seven  months  from  November  to  May  incluiiv 
there  was  a  considerable  deficiency  of  rain,  excepting  in  Januai] 
when  there  was  an  excess.  The  total  deficiency  during  th 
seven  months  from  seed-time  to  the  end  of  May  was  aboi 
5^  inches.  In  June  there  was  rather  more  than  average,  i 
July  much  less,  but  in  August  some  excess. 

Thus,  this  heavy  com-  but  not  heavy  straw-crop  was  obtainc 
under  the  influence  of  about  average  winter  and  early  sprin( 
but  high  summer  temperatures ;  and,  as  in  other  cases  of  hig 
productiveness,  there  was  here  again  much  less  than  the  averaf 
fall  of  rain  from  seed-time  to  harvest,  the  only  months  of  an 
excess  being  January,  June,  and  August. 

1863. — The  har\'est  of  1863,  not  only  yielded  in  our  ow 
experimental  wheat-field  the  most  abundant  crop  since  the  con 
mencement  of  the  experiments  in  1843-4,  but  it  probably  gave  tl 
highest  average  produce  per  acre  over  the  country  at  large  tini 
1834.  With  the  exception  of  November  (1862),  which  was  oi 
usually  coldf  every  month  from  seed-time  to  the  end  of  April  m 
warmer  than  the  average.     The  exceia  \ii^  \ii\>«nexG\Mst  V4i^^ 
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January  5*2,  in  February  3*4,  in  March  2*8,  and  in  April  3  degrees. 

*n  October  (1862)  there  had  been  a  considerable  excess  of  rain ; 

hot  from  that  time  to  the  end  of  May  there  was  a  considerable 

deficiency  in  every  month  excepting  January,  when  there  was 

*n  excess.      The   total   deficiency  in   the  seven  months  from 

■'Vovember  to  May  inclusive  was  more  than  5  inches  compared 

^th  the  average.     Thus,  after  an  excess  of  rain  in  October,  the 

Winter  and  spring  were  not  only  unusually  warm,  but  unusually 

**^,  bringing  the  plant  very  early  forward.     May  showed,  how- 

®^«r,  rather  lower,  and  June,  July,  and  August  only  about,  or 

^^t  little  higher  than  average  temperatures.     In  June  there  was 

^   considerable  excess  of  rain,  which,  coming  after  such  a  long 

^ry  period,  much  aided  growth,  though  it  was  sometimes  so 

«eavy  as  to  lay  the  most  forward  and  bulky  crops.     July  and 

-August  were,  on  the  other  hand,  considerably  deficient  in  rain. 

To  sum  up  : — The  conditions  of  season  which  gave  the  most 

**>Undant  produce  of  both  grain  and  straw  throughout  the  thirty-six 

^^ars  of  our  experiments,  and  also  much  higher  than  average 

^"eight  per  bushel  of  grain,  was  characterised  by  an  extremely 

^ild  winter  and  early  spring,  with  much  less  than  the  average 

^"1   of  rain  during  that  period.     The  plant  was  thus  brought 

®^rl  jr  forward.    Then  came,  in  the  early  summer,  a  considerable 

^^ount  of  rain,  after  which  there  was  a  deficiency  up  to  harvest. 

"*-  '^e  temperature  was  only  about  the  average  in  June  and  July, 

^^xiducing  to  continued  luxuriance  rather  than  to  early  matura- 

J*^^*^  ;  whilst  August,  the  harvest  month,  was  both  warmer  and 

I   *^^r  than  usual.     The  conditions  were,  therefore,  those  of  a 

^5^^hened  and  almost  unbroken  course  of  gradual  accumulation, 

^^*^li  finally  a  favourable  ripening  period. 

X864. — ^As  has  been  seen,  the  crop  of  1863  was  probably  the 

abundant,  both  in  corn  and  straw,  of  any  among  the  thirty- 

^  years  of  our  observations — indeed  the  most  abundant  since 

^^^4;  and  that  of  1864,  immediately  succeeding  it,  is  estimated 

l)e  only  second  to  it  in  bulk  and  yield.     October  1863  had 

^n  both  warmer  and  drier  than  usual.    Five  out  of  the  seven 

^^onths,  from  November  to  May  (1864)  inclusive,  were  warmer 

*^^Ji  the  average.     The  exceptions  were  January,  which  was 

?J^lj  average,   and   February,    which   was  2*7  below   average. 

^^ith  these  prevailing  higher  than  average  temperatures  during 

^^^  winter  and  spring,  there  were  nearly  4  inches  less  than  the 

^-^erage  fall  of  rain  from  seed-time  to  the  end  of  May.     The  only 

^onth  in  which  there  was  an  excess  was  March,  whilst  in  May 

^^was  only  the  average  fall.     June  was  rather  below,  July 

**^t  little  above,  and  August  again  rather  below  the  average  as 

^^  temperature  ;  whilst  in  each  of  these  three  months  there  was 

^^di  less  than  the  average  /all  of  rain. 

Hob  again,  then,  the  very  large  crop  was  pToduoedi  \wAex  <!ckft 
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influence  of  warmer  than  average  weather  in  early  winter  and  in 
spring ;  only  moderate  or  even  lower  than  average  lomma 
temperatur(*s ;  but  much  less  than  the  average  fall  of  rain  from 
s(?c(l-time  to  harvest ;  every  month  being  considerably  defidcot, 
excepting  May,  which  was  average,  and  March,  in  which  aloD^ 
there  was  an  excess. 

18<)8. — Aft(?r  a  favourable  seed-time,  the  early  winter  of 
1867-8  was  very  variable  as  to  temperature,  including  some 
warm,  but  more  stormy,  wet,  snowy,  and  frosty  weather.  Fiwo 
February,  inclusive,  to  after  harvest,  the  temperature  was  almost 
always  above  the  average,  and  greatly  so  in  May,  June,  and 
July;  whilst,  after  a  considerable  excess  of  rain  in  January* 
iXuM'v.  was,  in  each  month  from  February  to  July  inclusive, 
(;x(*eptLng  in  April,  an  unusual  deficiency. 

Th(!  period  of  growth  was,  therefore,  almost  throughout  on<^ 
of  drouglit,  with  liigh  temperatures  throughout  both  spring  and 
suiniiK^r.     The  result  was  a  very  early  harvest,  a  not  bulky,  but 
a   high-yielding   crop   on    good    and    well-farmed  soils,  but   * 
deficient  one  on  light  and  poorly-farmed  land. 

1870. — Tlie  autumn  of  1869,  though  frequently  cold,  boi» 
tcTous,  and  inclement,  was  upon  the  wliole  not  unfavourable  (^ 
getting  in  the  seed.  The  winter  and  early  spring  were  change 
able,  and  upon  the  whole  colder  than  the  average.  But  from  tt 
beginning  of  April  until  harvest  the  weather  was,  with  i^ 
ex('<>pti(>ns  of  short  duration,  warmer  than  usual,  with  a  gr^* 
<le(iei<Miev  of  rain.  The  combined  heat  and  drought  were  ev^ 
more  extreme  during  the  months  of  May,  June,  and  July,  18  «^ 
than  during  the  correspcmding  months  in  1870;  the  mean  t^^ 
j)erature  being  notably  higher  in  each  of  these  months  in  18*^ 
l^ut  in  1870  the  deficiency  of  rain  commenced  a  month  earll^ 
and  was  greater  than  in  1868. 

Aft(»r  a  by  no  means  favourable  winter,  followed    by  p^ 
longed  spring  and  summer  drought  and  heat,  the  wheat-crop 
1870  was  deficient  in  straw,  and  also  yielded  less  com  th^^ 
that  of  1868,  but  still  considerably  more  than  the  average, 
high  proportion  of  corn  to  straw,  and  high  quality  of  grain. 

Thus,  out  of  the  six  years  of  highest  productiveness  througho^ 
the  thirty-six  seasons  of  our  experiments,  the  three  which  ga*^ 
th(*  higJK'st  produce  of  all,  and   high  produce  of  straw  as  well  0 
corn,   and   also  high  quality  of  grain  (1863,  1864,  and    1854  - 
were  characterised  by  generally  higher  than  average  mean  ten: 
|N'ratures  during  the  winter  and  early  spring  (excepting  the  earl^ 
winter  of  1850-4,  which  was  severe),  but  generally  only  average! 
or  lower  than  average,  summer  tenqii'ratures.    Indeed,  June  18d€ 
was  rohler  than  June  1879.    Kach  was  also  characterised  by  ver\ 
much  h*ss  than  the  average  fall  of  rain  from  seed-time  to  harvest 
thrrr  being  in  no  case  an  excess  \u  luote  vVi^xi  Vno  vva^v  ^^  the 
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nine  months  from  November  to  July  inclusive.  The  other  three 
•easoni  of  high  productiveness,  1857,  1868,  and  1870,  though 
thej  gave  less  corn  than  the  foregoing,  and  very  much  less  straw, 
were,  nevertheless,  seasons  of  considerably  more  than  average 
produce  of  corn,  and  of  high  quality  of  grain.  These  less  bulky, 
but  high*yielding  crops  were  grown  under  more  variable  winter 
conditions  as  to  temperature,  but  under  much  higher  both  spring 
and  summer  temperatures,  especially  those  of  1868  and  1870 ; 
whilst,  with  the  higher  temperature  there  was,  as  in  the  cases 
with  lower  temperature  and  more  abundant  crops,  much  less 
than  the  average  fall  of  rain  from  seed-time  to  harvest,  one  or 
two  months  only  showing  an  excess. 

We  now  come  to  the  consideration  of  the  seasons  selected  for 
illustrating  the  characters  of  low  productiveness,  namely,  1816, 
1853,  1860,  and  1879.  We  will  first  refer  to  the  last  three, 
which  come  within  the  period  of  our  own  observations,  and 
then  compare  the  characters  of  the  extraordinarily  unpro- 
dactive  season  of  1879  with  those  of  the  also  extraordinarily 
unproductive  one  of  1816. 

1853. — The  winter  was  very  unseasonably  warm  and  also 

wet.     There  had  been  a  great  excess  of  rain  in  October  and 

Af  ovember,  and  fully  average  amounts  in  December  and  January, 

c&using  floods,  and  much  land  intended    for  wheat  remained 

lucisown.     From  February  to  September,  inclusive,  every  month 

wras  colder  than  the  average,  excepting  May  and  June,  which 

^rere  about  average ;    and    the  deficiency  was   greater   in   the 

^piing  than  in  the  summer.     In  April  there  was  a  great  excess 

o^  rain ;  in  May  there  were  heavy  snow-falls  ;  in  June  there  was 

••**  excess  of  rain ;  in  July  a  very  great,  and  in  August  some, 

pj^cegs;    and    in   September   about   an    average   amount.     The 

'^'■^eadth  of  land  under  wheat  was  much  reduced,  and  the  crop 

^^  reported  to  be  far  inferior,  both  in  quantity  per  acre  and  in 

T.'^ity,  to  that  of  any  season  for  many  years  past. 

^hus  the  conditions  under  which  this  very  inferior  crop  was 

^^^Wn  were — that  the  early  winter  had  been  unseasonably  wet 

^^^  warm,  the  land  being  generally  saturated  with  water,  and  in 

^^j  cases  flooded ;  the  spring  was  unseasonably  cold,  and  also 

^  ;  and  the  summer  was  also  upon  the  whole  colder  than  the 

^^tage,  and  very  wet. 

i860. — From  November    (which  was   about   average   as   to 

^^perature)   to  May,  inclusive,  the  months    were   alternately 

^Uch  colder  and  warmer  than  the  average.  May  being  warmer. 

*^Ut  June,  July,  August,  and  September  were  all  unusually  cold 

^jj5^  sunless  for  the  period  ;  very  much  more  so  than  in  1853. 

^ere  had  been  an  excess  of  rain  in  October  and  November, 

^^t  from  that  time  till  the  end  of  April  only  moderate  amounts, 

^iUi|  however,  snow  in  February,  March,  and  April.     There 
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was  a  great  excess  of  rain  in  May,  Jane,  August,  and  SeytaB" 
ber,  and  there  was  about  an  average  amount  in  July.  The 
harvest  was  very  late.  Wheat  was  in  some  localities  not  d^ 
ficient  in  bulk,  but  generally  very  much  damaged,  yieUinghit 
a  small  proportion  of  grain,  and  that  of  very  low  qoalitj. 

The  characteristics  of  this  season,  yielding  a  crop  bodi  lite 
and  much  below  the  average,  both  in  quantity  and  qnalitj,irH«| 
then,  a  winter  alternately  very  cold  and  very  mild,  and  upon  A^ 
whole  wet,  followed  by  a  spring,  summer,  and  antomn  geaenlly 
stormy,  cold,  wet,  sunless,  and  unseasonable. 

1879. — Of  all  the  eleven  months,  from  November  to  Sep- 
tember inclusive,  March  alone  showed  about  average  mean  ten* 
perature.      Each  of  the  others  was  colder  than  the  avengs. 
The  deficiency  was  in  November   2*6,  in   December  5'5,  in 
January  4*7,  in   February  0*5,  in  April  2*9,  in  May  4*1|  i* 
June  1*3,  in  July  3*5,  in  August  1,  and  in  September  0^  degne* 
Then  as  to  the  rainfall.     There  was  an  excess  in  every  month 
of  the  eleven  excepting  December  and  March.    In  November  die 
excess  amounted  to  1*05,  in  January  to  0*59,  in  February  toMSf 
in  April  to  0*90,  in  May  to  1*36,  in  June  to  2-89,  in  Jidyto 
1*12,  in  August  to  nearly  3  inches,  and  in  September  to  0*43  inch* 
The  total  excess  over  the  period  was  more  than  11  inches. 

Thus,  from  seed-time  to  the  harvest  of  1879,  there  was  a  co«- 
siderable  deficiency  of  temperature,  compared  with  the  avenge 
in  every  month  excepting  March.  It  is  remarkable,  howefefv 
that  there  was  even  a  lower  mean  temperature  in  June  1854|  * 
season  of  very  great  abundance,  than  in  June  1879,  the  setiO0 
of  the  worst  crop  known  within  the  century.  But  it  was  by  ^ 
continuity  and  excessive  amount  of  the  rain£all  that  the  sesfO* 
of  1878-9  was  especially  characterised ;  the  excess  during ^^' 
eleven  months  from  November  to  September  inclusive,  beUiS* 
as  already  said,  more  than  11  inches  over  the  average;  andt^ 
total  amount  was  more  than  double  that  over  the  same  period  ^ 
some  of  the  seasons  of  high  productiveness. 

It  remains  to  compare  the  characters  of  the  disastrous  sess0* 
of  1878-9,  with  those  of  1815-16,  to  which  period,  by  txM9fi^ 
consent,  we  must  go  back  for  a  wheat-crop  at  all  approachiD([  ^ 
deficiency,  both  in  quantity  and  quality,  that  of  the  season  J^ 
past. 

1816. — Each  of  the  ten  months  from  November  181^  ? 
August  1816,  inclusive,  was  colder  than  the  average.  The  4*^ 
ciency  was — in  November  4*3,  in  December  2*6,  in  Janmiy  ®*^ 
in  February  4*2,  in  March  1'7,  in  April  2'5,  in  May  849  ^ 
June  3*1,  in  July  4*6,  and  in  August  4*6  degrees.  The  WB'^S 
deficiency  over  the  ten  months  was  3*1  degrees ;  and  the  ^jL 
ciency  was  the  greatest  in  lYie  inoTil\x%  oC  motejsctive  flC^'^^ 
aiid  of  maturation,     Compaied  i?Vii  \%1%-^^ 
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January  (1815-16)  were   not   nearly  so  cold,  but  November, 
February,  and  March  were  colder  in  1815-16.     The  mean  tem- 
peratures of  April  and  May  were  rather  the  higher  in  1816 ; 
but  those  of  June,  July,  and  August  were  considerably  lower 
in  1816  than  in   1879.     In  fact,  there  is   no   instance  of  so 
low  a  temperature  prevailing  throughout   these  three  summer 
months,  in  any  other  of  the  108  years,  the  temperature  for  which 
Mr.  Glashier  has  given  us  the   record.     In  each  of  the  seven 
months,  November  1815  to  May  1816  inclusive,  the  fall  of  rain 
was  only  about,  or  not  much  over,  the  average  ;  there  being 
only  one-third  of  an  inch  of  excess  compared  with  the  average 
over  that  period;  whilst,  during  the  same  months  of  1878-9, 
there  was  an  excess  of  more  than  4^  inches,  and  an  excess  com- 
pared with  1815-16  of  nearly  4  inches.     In  June  1816  there 
Was  an  excess,  in  July  a  great  excess,  but  in  August  only  a 
slight  excess  of  rain  ;  the  total  excess  in  the  three  summer  months 
being  only  2*34  inches,  whilst  in  1879  it  was  6*3  inches.     Over 
the  whole  ten   months  from   November   to  August   inclusive, 
1815-16  showed  only  a  total  excess  of  2*68  inches,  whilst  the 
ssLme  period  of  1878-9  showed  an  excess  of  10*6  inches  over 
tlie  average  of  63  years ;  and  for  the  first  nine  months  of  1879 
a-    higher  rainfall  is  recorded  than  in  the  corresponding  period  of 
^^y  year  of  the  sixty-three.     In  September  1879  there  was  con- 
siderably more  rain  than  in  September  1816.     But  afterwards, 
'^J.th  a  very  late  harvest  in  both  cases,  there  was  a  considerable 
^^cess  in  1816,  and  a  considerable  deficiency  in  1879 ;  and  it  is 
•teted  that,  in  1816,  some  wheat  was  still  out  when  the  winter 
•^o^s  began. 

^  Thus,  from  seed-time  to  the  end  of  May,  the  season  of  1815-16, 

*^^Ugh  materially  colder  than  the  average,  did  not  include  such 

^Severe  period  as  that  of  the  winter  of  1878-9  ;  whilst  the  fall 

i^    x^in  was  very   little  over   average,  and   very  much  below 

tK    ^   of  1878-9.     From  seed-time  up  to  the  end  of  the  spring, 

^^refore,  the  season  of  1815-16  was  more  favourable  than  that 

*  1878-9  as  to  temperature,  and  much  more  favourable  as  to 

^^Ufall — indeed,  not  specially  unfavourable.     During  the  three 

•^Uimer  months,  however,   the  temperature   of  1816    was   ex- 

^Uiely  low,   and  much  lower  than  the  corresponding  though 

*^U  low  period  of  1879.    And,  with  the  very  low  temperature 

^^  the  summer  of  1816,  there  was  at  the  same  time  an  excess  of 

^U,  but  by  no  means  so  great  an  excess  as  in  1879  ;  but  subse- 

^^ently,  there  was  not  only  low  temperature,  but  excess  of  rain 

^^1816,  much  damaging,  and  often  preventing  the  harvesting 

^i  the  crop. 

There  can  be  little  doubt,  therefore,  that  the  season  of  1879 
WM,  from  seed-time  to  the  end  of  the  summer,  worse  than  that 
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of  1816.  The  latter  suffered  more  from  low  temperalURi  liit 
less  from  excess  of  rain  during  the  summer.  Both  crops  mst^ 
however,  very  late,  and,  for  getting  in  the  crop,  the  seiioii  of 
1816  was  much  worse  than  that  of  1879. 

Having  now  pointed  out  the  prominent  characten  ts  to 
temperature  and  rainfall  of  each  of  the  fourteen  seatons  selected 
for  illustration  separately,  it  will  be  of  interest,  disregarding  u 
much  as  possible  the  specialities  of  individual  seasons,  to  con- 
sider the  average  character  of  classes  of  seasons,  arranged  acooid- 
ing  to  the  general  character  of  their  wheat  crops.  Aooordinglji 
in  Tables  IV^.  V.  and  VI.  the  fourteen  seasons  axe  classified 
as  stated  below.  There  are  given  the  average  monthly  metn 
temperatures  and  rainfall  for  each  class,  the  difference  betwfcn 
the  result  for  each  class  and  the  average  for  a  number  of  jeuii 
and  the  difference  between  the  result  for  one  class  and  anotha 
The  classes  are  as  follows : — 

Six  years  of  high  produce  of  both  com  and  straw ;  namelji 

1832,  1834,  1835,  1854,  1863,  and  1864. 

Four  years  of  high  pxoduce  of  corn,  but  not  of  straw ;  namelyf 

1833,  1857,  1868,  and  1870. 

Four  years  of  very  low  produce ;  namely,  1816,  1853,  ISflOi 
and  187y. 

Of  course,  the  essential  character  of  all  averages  is  to  elimin*^ 
extremes,  and  as  the  class  of  six  seasons  of  high  produce  of  bn^ 
corn    and   straw   includes   individual   seasons  differing    m^** 
widely  from  one  another,  both  as  to  temperature  and  minf*^ 
than   those   within  either  of  the   other  classes,   the  aver»S*^ 
given  in  the  table  for  that  class  cannot  be  taken  as  thow^^ 
the  character  of  the  class  without  more  of  qusdification  than  ^ 
the  other  cases.     Admitting  this,  it  will  still  be  found  iSh^ 
taking  considerable  periods  of  the  seasons — from  seed-tim0  J^ 
the  end  of  April,  and  from  the  beginning  of  May  to  harvest,   '^ 
example — the  averages  do  clearly  bear  out  the  general  condnsi^'' . 
to  which  the  consideration  of  the  individual  seasons  has  led,    ' 
regard  to  the  main  characteristics  of  those  periods. 

The  first  class  includes  the  six  seasons  out  of  the  fonit^^ 
which  gave  the  heaviest  total  produce,  com  and  straw  togeth^^ 
and  it  is  to  be  observed  that  it  is  those  seasons  of  greatest  1 
riance  of  growth,  which  have  also  given  the  most  com  per 

Confining  attention,  in  the  first  place,  to  the  period  of  ^ 
months,  from  November  to  April  inclusive,  in  only  one  of  '^^ 
six  seasons  which  go  to  maJce  the  average,  were  there  t^^ 
months,  and  in  four  others  there  was  only  one  month  of  the 
of  in  any  material  degree  lower  than  average  temperatnre, 
in  only  one  season  (1854)  waa  l\i.ei«  ^  xeally  aerere  wiO.^ 
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month.  With  these  few  exceptions  every  other  month  of  tb0 
six  within  each  of  the  six  seasons  was  either  about  avenge  oi' 
over  average,  and  in  many  cases  very  much  over  avenge  u  to 
temperature.  Then  as  to  the  rainfall  over  the  same  period* 
In  two  of  the  seasons  there  were  two  months,  and  in  two  thec>^ 
was  only  one  month,  with  any  considerable  excess  of  rain ;  irluls^ 
in  the  other  two  there  was  a  deficiency  in  every  month  of  tb^ 
six.  There  were,  therefore,  in  each  of  the  six  seasons,  fonfyfiTe^ 
or  six  of  these  six  months  considerably  drier  than  the  avenge. 

Next,  as  to  the  three  months  of  May,  June,  and  July.    In  twO 
out  of  the  six  seasons,  each  of  the  three  montha  was  waimei^ 
than  the  average ;    in  two  each  was  colder  than  the  avenge  9 
and  in  the  remaining  two  there  were  warmer  and  colder  moathsy 
giving  about  average  mean  temperatures.     As  to  the  rain  of 
these  three  months,  in  one  out  of  the  six  years  there  Wss  •!■ 
excess  in  two  of  the  three  months,  in  four  years  in  only  one  <» 
the  three,  and  in  the  other  in  neither  month,  an  exoeis  of  nin^ 
In  one  only  of  the  six  years  was  the  total  rain  of  the  thre^ 
months  over  the  average;  though,  in  three  of  the  six  sciSon» 
there  was  an  excess  in  August. 

With  these  explanations  as  to  the  elements  making  npdi^ 
averages  for  the  six  seasons,  it  is  to  be  observed  that  their 
average  mean  temperature  was  higher  than  that  of  108  jeum^ 
in  every  month  of  the  twelve ;  but  that  the  excess  was  very 
much  greater  in  the  months  prior  to  May  than  in  May  tad 
afterwards.  In  fact,  the  excess  of  mean  temperature,  taking  ib^ 
average  of  these  six  seasons  of  greatest  productiveness  of  hotb 
com  and  straw,  is,  notwithstanding  the  coldness  of  one  or  tiro 
winter  or  spring  months  in  individual  seasons,  very  m 
greater  before  May  than  afterwards,  and  it  is,  notwithstandin 
the  high  summer  temperature  of  two  of  the  years,  quite  i 
significant  afterwards.  Turning  now  to  the  average  rain&ll  : 
there  is  less  than  the  average  amount  in  nine  months  out  of  tb< 
twelve,  and  in  the  other  three  the  excess  is  quite  inaignificsiB-'^ 
It  is  remarkable,  too,  that  the  longest  period  of  deficiency  is  bO'^^ 
seed-time  to  the  end  of  April ;  the  period  during  whidi  tb' 
tempertitures  were  at  the  same  time  more  in  excess  of  the  a 
Further,  the  only  month  of  any  important  amount  of  a 
excess  is  June ;  but  Table  VI.  shows  that  there  was,  even 
that  month,  not  more  than  the  average  number  of  rainy  ^J^i 
whilst,  of  course,  the  higher  temperatures,  and  the  growth  ^ 
the  crops,  at  that  period,  would  tend  to  counteract  any  othenvi^ 
evil  effects  from  an  excess. 

Upon  the  whole,  then,  the  seasons  of  highest  prodncttvuHLi^ 
of  all  were  characterised  by  higher  than  average  tem^ 
during  most  of  the  winter  and  l\ie  eail^  apring.     Soim 
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onsiderably  wanner  during  the  summer  also,  but  the  majority 
rere  characterised  by  but  little  higher,  or  even  lower,  than 
Tcrage  temperatures  in  the  summer.  There  was  also  a  pre- 
ailing  deficiency  of  rain  in  the  winter  and  spring,  but  a  less 
larked  deficiency  in  the  summer. 

The  second  class  includes  four  seasons  of  high  produce  of 
3m,  but  of  small  produce  of  straw ;  and  these  seasons  of  high 
ield  gave,  on  the  average,  less  corn  per  acre  than  the  seasons 
fg^reater  total  bulk  of  produce.  Here,  again,  we  have  higher 
lan  average  mean  temperatures  in  every  month  but  November 
id  March,  and  then  the  deficiency  was  quite  insignificant, 
nty  in  these  seasons  of  comparatively  small  total  produce,  but 

liigh  yield  of  grain,  the  distribution  of  the  excess  of  tempera- 
re  is  exactly  the  opposite  of  that  observed  in  the  case  of  the 
taons  of  heaviest  gross  produce.  We  have  now  comparatively 
significant  excess  of  temperature  in  each  month  prior  to  May, 
It    a  considerable  excess  in  May  and  the  subsequent  months, 

harvest.  Then  as  to  the  rainfall :  the  only  month  of  the 
elve  in  which  there  is  any  excess  above  the  average  is 
^Uary ;  whilst  it  is  in  May,  June,  and  July,  the  months  of 
E^ess  of  temperature,  that  the  deficiency  is  by  four  the  most 
^Iced.  It  is  in  these  three  months  too  that  the  number  of 
^y  days  is  the  most  below  the  average. 

In  the  cases,  then,  of  small  produce  of  straw,  but  of  high 
^portion  of  corn  to  straw,  the  result  was  associated  with  little 
^1^  than  fairly  average  conditions  as  to  temperature  during 
'  «arly  stages  of  development  of  the  plant,  but  with  a  consider- 
^^  excess  during  the  period  of  active  above-ground  growth,  and 

luaturation.  There  is,  at  the  same  time,  though  a  consider- 
1^^  total  deficiency  of  rain,  a  much  more  marked  deficiency 
Huig  the  periods  of  more  active  above-ground  growth,  and 
Opening,  than  during  the  earlier  stages. 

Ine  thud  class  of  seasons,  that  including  four  of  unusually 
^  produce,  shows  very  marked  differences  from  either  of  the 
''Agoing.  The  averages  show  an  actual  deficiency  of  tempera- 
^  in  ten  months  out  of  the  twelve ;  and  in  only  one  from 
4-time  to  harvest  was  there  an  average  excess  of  any  im- 
*ttanoe,  namely,  in  January.  The  deficiency  of  temperature 
M  also  more  marked  in  the  spring  than  in  the  winter,  and 
'Oie  in  the  summer  than  in  the  spring.  With  this  great  defio 
tCQcjr  of  average  temperature  almost  throughout,  we  have  also, 
loiost  throughout,  an  excess  of  rain ;  and  the  excess  is  very 
>^idi  the  greater  in  April  and  afterwards  up  to  harvest  than 
OtfioQsly.  The  number  of  rainy  days  is  also  greatly  in  excess, 
^^ccially  in  the  summer  months.  Very  low  productiveness 
*^  then,  associated  with  both  low  temperatuieft  aad  exceuk  oil 
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rain,  especially  during  the  periods  of  more  actire  ab 
growth  and  ripening. 

An  examination  of  the  last  three  columns  of  the  ' 
bring  to  light  the  differences,  not  between  each  class 
and  the  average,  but  between  class  and  class. 

Comparing  with  one  another  the  seasons  of  bo 
total  produce  and  highest  produce  of  com  also,  wi 
comparatively  low  total  produce,  but  of  high  yield 
will  be  seen  how  prevailingly  higher  was  the  avc 
temperature  from  seed-time  to  April  inclusive,  how  i 
it  was  in  May  and  afterwards,  and  also  how  much  j 
the  fall  of  rain  during  May  and  afterwards,  in  the  seas 
total  produce,  than  in  those  of  high  com  only.  Tl 
columns,  again,  show  in  a  striking  manner  the  dii 
to  temperature  and  rainfall  which  distinguish,  in  tl 
the  seasons  of  high  produce  of  both  com  and  straw, 
other  those  of  high  produce  of  com  but  not  of  strai 
seasons  of  unusually  defective  produce. 

From  the  foregoing  review  and  comparison  of  a 
seasons  of  much  more  than  average  productiveness,  a 
of  the  greatest  deficiency  within  a  period  of  sixty»fo 
would  appear  that  mildness,  and  comparative  drynesi 
rate  considerable  portions  of  the  winter  and  ea 
favouring  root  development,  that  is,  an  extended  pc 
the  soil  by  the  plant,  and  a  somewhat  early  start,  ba^ 
characteristics  of  the  most  productive  seasons.  These 
fulfilled,  prior  to  the  period  of  more  active  above-groi 
some  of  the  most  bulky,  and  at  the  same  time  the  moi 
grain  crops,  ripened  under  considerably  higher  th 
summer  temperatures  also ;  but  more  of  them  ripened 
of  scarcely  over,  or  even  of  under,  average  mean  tei 
and  with,  at  the  same  time,  but  little,  if  any,  lest  th 
rage  fall  of  rain  during  that  period.  Indeed,  the  facti 
with  those  favourable  early  conditions,  an  abundao 
high-yielding,  crop  may  be  obtained  with  only  fairly 
even  under  average,  summer  conditions.  But  there  < 
doubt  that,  when  high  summer  temperatures,  withoi 
rain,  do  succeed  upon  the  favourable  conditions  of  ei 
and  of  plant,  above  described,  the  proportion  of  gr> 
by  the  bulky  crop  will  be  the  greater.  It  happen 
that  the  two  both  bulky  and  high-yielding  crops  whi 
in  the  warmer  than  average  summers  were  the  produc 
before  the  period  of  our  own  observations.  The  less 
somewhat  less  abundant  in  grain,  but  still  high^-yie 
have,  on  the  other  hand,  generally  had  less  favourabk 
for  winter  root-developineut,  and  (ox  early  growth  in 
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^e  been  developed  under  the  influence  of  considerably  higher 
in  average  summer  temperature,  with,  at  the  same  time, 
ficiencj  of  rain  almost  throughout,  and  a  considerable 
fidencj  daring  the  summer  months. 

The  seasons  of  unusually  deficient  wheat-crops,  on  the  other 
md,  have  been  characterised  by  severe,  or  at  any  rate  very 
imngeable,  winter  and  spring  conditions,  with,  at  the  same 
me,  generally  an  excess  of  rain  during  those  periods,  frequently 
itUTBting  the  soil,  causing  much  drainage,  and  discouraging 
)Ot^evelopment,  and  early  growth  in  spring.  But  the  more 
triking  characteristic  of  the  bad  seasons  is  a  great  deficiency  of 
Terage  temperature,  and  especially  a  great  excess  of  rain,  from 
^  period  of  active  above-ground  growth  until  harvest.  The 
esson  which  gave  the  extremely  deficient  crop  of  1816  was 
hsncterised  much  more  by  unusually  low  temperatures  through- 
«t,  and  especially  during  the  summer  months,  than  by  any 
Bvked  excess  of  rain  excepting  during  those  summer  months, 
lid  afterwards.  The  probably  even  still  worse  season  of  1878-9, 
hough  very  cold  in  the  winter,  was  by  no  means  so  defective  in 
^peratare  throughout  the  spring  and  summer  months  as  1816  ; 
'^t  there  was  a  CTeat  excess  of  rain,  almost  throughout  the 
^ter,  spring,  and  summer,  and  a  greater  excess  in  the  summer 
"^  in  1816,  though  much  less  afterwards.  In  a  word,  the  crop 
>  1816  suffered  more  from  low  temperature  than  excess  of  rain, 
^  that  of  1879  much  more  from  an  excess  of  rain  than  from 
^  temperature,  until  the  middle  of  the  autumn,  after  which 
'16  continued  wet,  and  1879  became  dry. 
^'^y,  it  would  appear  that  any  defect  of  our  climate  in 
I^priateness  for  the  production  of  full  and  well-matured 
^^^tKnt)ps  is  more  connected  with  an  excess  of  rain,  and  con- 
L^^Kent  wetness  of  soil  and  humidity  of  atmosphere,  than  with 
f  deficiency  of  average  summer  temperature. 


"^Thb   Season   of    1878-79,   and   the   Experimental 
Wheat-Crops  at  Rothamsted. 

having  illnstrated  the  characters  of  a  numbei'  of  seasons  of 
%  and  of  low  productiveness,  and  especially  of  the  wretched 
-  of  1878-9,  by  reference  to  independent  records,  we  now 
Vl  to  a  consideration  of  the  characters  of  that  season  at 
ttamstod,  and  of  its  efiect  upon  the  continuous  wheat-crops 
te. 

Por  twenty-seven  years  (1853-79  inclusive)  the  rainfall  at 
iAamsted  has  been  measured  by  means  of  a  gauge  of  one- 
iQstiidtb  of  an   acre  area   (6  feet  x  7  feet  d  inc;\\e»\  «ltA  ^iXio 
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by  an  ordinary  5-inch  funnel-gauge,  which    had  been  in  ni 
some  time  previously. 

The  amount  of  the  rainfall  passing  through  20  inclie 
40  inches,  and  60  inches  of  soil  and  subsoil,  in  their  natiu: 
state  of  consolidation,  has  also  been  determined  for  a  number  i 
years  ;  and  the  drainage  waters  so  collected  have  frequently  bee 
analysed.  These  "  drain-gauges^^  also  each  of  one-thousandi 
of  an  acre  area,  were  constructed  by  digging  down,  and  unde 
mining  the  soil,  putting  iron  plates  drilled  with  holes  undemeat 
and  then  building  round  the  square  of  undisturbed  soil  in  brii 
and  cement.  Reference  to  the  amounts  of  water  passing  throu| 
these  drain- gauges  will  be  made  further  on. 

The  following  Table  (VII.)  shows  the  rainfall  in  inches, 
each  of  the  twelve  months  from  October  1878  to  September  18" 
inclusive,  as  measured  by  both  the  large  and  the  small  rain-gaa 
above  referred  to.  It  also  shows  the  rainfall  recorded,  for  t 
same  period,  at  four  stations  which  may  be  said  roughly  to 
north,  south,  east,  and  west  of  Rothamsted ;  namely,  Bedfoi 
Blackheath,  Cambridge,  and  Oxford.  For  each  place  the  numb 
of  dtiys  in  each  month  when  0*01  inch,  or  more,  fell,  is  al 
given. 

It  will  be  observed  that  the  registries  of  the  large  and  the  ams 
gauge  at  Rothamsted  do  not  agree  very  closely  during  the  Ida 
vidua!  winter  months.  This  is  chiefly  accounted  for  by  t 
accumulation  or  drifting  of  snow  in  the  large  gauge,  a. 
perhaps  some  loss  of  snow  in  the  small  gauge.  During  i 
other  months  the  large  gauge  generally  registers  slightly  mfl 
than  the  small ;  in  those  cases  chiefly  owing  to  measural 
quantities  of  mist,  fog,  hoar-frost,  &c.,  being  frequently  cc 
dcnsed  on  its  large  surface  when  none  was  collected  in  ^ 
small  gauge,  or  the  quantities  were  too  small  for  measuremem 

But  the  remarkable  fact  brought  out  by  the  Table  is,  tl 
both  the  amount  of  rain,  and  the  number  of  days  on  wh: 
0*01  inch,  or  more,  fell,  were  greater,  and  in  some  cases  mu 
greater,  at  Rothamsted  than  at  either  of  the  other  stations  ;  m 
the  excess  was  the  most  marked  in  the  summer  months.  TakS 
the  whole  twelve  months,  and  adopting  the  mean  of  the  t 
Rothamsted  measurements,  the  fall  was  8*38  inches  more  tb 
at  Bedford,  6*73  more  than  at  Blackheath,  6*12  more  than 
Cambridge,  and  7*18  more  than  at  Oxford. 

The  actual  amount  of  fall  is  not  only  very  large,  but  it  i» 
excess  compared  with  the  average  in  almost  every  month,  m 
in  the  summer  months  especially  very  greatly  so.  Out  of  ' 
92  days  of  May,  June,  and  July,  more  than  0*01  inch  fell  at  Roi 
amsted  on  65,  leaving  only  27  days  without  any  rain,  or  w 
less  than  that  amount ;  and,  among  the  other  places  quoted, 
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TiBi^x  VIL — ^Baintall  in  Inohbs,  and  Numbsb  of  Dats  on  which 
0  *  01  inch,  or  more,  fell,  at  Bothamsted,  Bedfobj>,  Blaokheath,  Cam- 
BIUIK3S,  and  Ozfobd.  Twelve  Months,  Ootobbb,  1878,  to  Seftsmbeb, 
1879,  inolnsive. 


Rothamsted. 


Large 

GMlgO. 


StnaU 
Gauge. 


Mean. 


Bedford. 


Blackheath. 


Cambridge. 


Oxford. 


Sainpall  in  Inohss. 


n 
ft 
tt 


gotober     1878. 

P^cember  ^  . 
Januaiy  1879. 
February 

Maicb 
April 

June 
Julj 

cseptember 


3  XDcmtfaB,  Oct-Dec 
3  moQthB,  JaiL-Mar. 
2  '*«*oath«,  April^une 


12  months.. 


2*99 

2-99 

2-99 

2-10 

1-80 

4-55 

4-78 

4-64 

3-50 

3-53 

1-60 

1-57 

1-59 

1-46 

1-32 

2*85 

2-46 

2-66 

2  25 

2-47 

3-80 

3-74 

3-77 

2-90 

3-95 

1-18 

1-09 

113 

1-00 

0-70 

2-79 

2-61 

2-70 

1-80 

2-64 

3-48 

3-46 

3-47 

3-25 

3-37 

5-55 

5-49 

5-52 

4-35 

4-16 

4-24 

417 

4-20 

4-20 

3-62 

6-56 

6-47 

€-52 

4-50 

5-12 

3- 13 

3-07 

3-10 

2-60 

2-88 

914 

9-29 

9-22 

7-06 

6-65 

7-83 

7-29 

7-56 

6-15 

712 

11-82 

11-56 

11-69 

9-40 

10-17 

13-93 

13-71 

13-82 

11-30 

11-62 

42-72 

41-85 

42-29 

,33-91 

1 

35-56 

1 

4 
1 
1 
2 
0 
2 
3 
5 
3 
5 


92 

66 

09 

-98 

75 

88 

18 

32% 

22 

49 

92 


2-76 

7-67 

5-61 

10-72 

12-17 

86- 17 


311 
2-28 
1-51 
3-00 
3  31 
0*88 
2-45 
71 
>54 
38 
05 
89 


2 

4' 

3' 

5' 

2 


6-90 

7-19 

9-70 

11*32 


3511 


NUHBMI 

;  OF  Days  on  whioh  0*01  Inch  ob  mobb  fell. 

S?*ol»r     1878..      . 

.       22 

21 

21 

14 

12 

15 

15 

J^^MtfJ    1879.. 

22 

23 

23 

17 

15 

21 

16 

.       16 

16 

16 

12 

14 

17 

10 

13 

13 

13 

7 

10 

12 

9 

.       23 
.        14 

23 
14 

23 
14 

18 
10 

21 
14 

23 
17 

22 
13 

20 
18 

19 
18 

19 
18 

It 

18 
17 

21 
19 

16 
16 

1^    " 

.        26 

26 

26 

24 

18 

26 

27 

21 

21 

21 

22 

18 

22 

19 

.        18 
14 

17 
14 

18 
14 

1     15 

1     ^^ 

19 
14 

17 
13 

17 
15 

2  ^*Mmtha,  Oci-Dec. 
3^  ^k^onthi,  Jan.-Mar. 
^  ««»Qiitte,  April-Jiu 
«  U^OQtha,  Jifiy-Sept 

60 

60 

60 

43 

41 

53 

41 

50 

50 

50 

35 

45 

52 

44 

le      64 
.       53 

63 
52 

63 
53 

54 
51 

53 
51 

66 
52 

59 
51 

12iiMmi 

th*. 

.     227 

225 

226 

183 

190 

223 

195 

28 
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number  of  the  so-reckoned  rainy  days  in  those  three  months  n 
exceeded  only  at  Cambridge,  though  the  total  amount  of  n 
there  was  less.  In  the  night  of  August  2—3,  a  thunder-storm 
great  severity  occurred,  during  which  3  inches  or  more  of  n 
fell  within  a  very  few  hours.  With  such  a  season  we  could  ( 
viously  expect  nothing  but  disaster  to  the  wheatKnx)p ;  and  fri 
the  comparisons  given  we  should  be  prepared  to  find  that  t 
injury  was  greater  at  Rothamsted  than  in  many  other  places. 
The  next  Table  (VIII.)  shows  the  produce  on  some  selec 
plots  in  the  permanent  wheat-field  at  Rothamsted  in  1879,  co 
pared  with  the  average  on  the  same  plots,  and  with  the  sa 
manures  every  year,  over  the  previous  twenty-seven  years : — 

Table  YIII. — Pboduoe  of  Wheat  on  selected  Plots  at  Bothamsi 
in  1879,  compared  with  the  Ayebagb  of  27  Yeabs. 


Dressed  C(im. 

1 

M.^ 

Qiuuitity  per  Acre. 

Weight  par  BnsheL 

EKra>w  per  j&w 

Average 
37  Tears, 

1863-'t8. 

1879. 

Average 
27  Yean, 

1863-T8. 

1879. 

'  Avenge 
■  27  Tears, 
:  1869-'78. 

18 

Plot  3.  Unmanured     . . 

Plot  2.  Farmyard-Manure 

(Mineral  manure  andj 

Plot  7.<     400  lbs,  ammonia-/ 

1     salts     1 

(Mineral  manure  and 
Plot  8.]     600  lbs.  ammonia- 
1     salts     1 

(Mineral  manure  and 

Plot9.|     550    lbs.    nitrate 

1     soda      

Bushels. 

13i 
34i 

33i 

36i 
38i» 

Bushels. 
16 
16i 

20i 

22 

lbs. 
67-9 

eoi 

59-5 
59-2 
69 -2* 

lbs. 
52-5 

56*8 
56'7 

66-5 

56-5 

CwU. 
HI 

32{ 
88J 

40, 

i 

j      43J» 

9 

S 

f 

\ 

*  Average  of  24  years  only  instead  of  27,  a«  the  azact  manares  stated  y 
not  applied  to  Plot  9  during  the  first  3  years  of  the  27. 

We  shall  have  to  consider  further  on  f  whether,  or  in  what 
gree,  there  was  a  tendency  to  diminished  or  to  increased  prod 
on  these  several  plots  from  year  to  jear  due,  irrespectiTelj 
the  influence  of  season,  to  gradual  exhaustion  on  the  one  ha 
or  to  accumulation  by  the  continuous  application  of  the  req 
tive  manures  on  the  other.  It  will  be  sufficient  here  to  < 
attention  to  the  great  deficiency,  both  in  the  quantity  and 
quality  of  the  produce,  in  1879,  compared  with,  the  avenge, 

t  In  a  Bei]ue]  to  this  paper,  which  will  probahly  be  published  In  the 
riumhcr  nffhis  *  Journal.* 
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every  one  of  the  plots,  whether  under  conditions  as  to  mtoluing 
Ending  to  exhaustion  or  to  accumulation* 

It  will  be  obsenred  that  the  greatest  proportional  deficiency  of 
<^^rii  was  without  manure,  and  with  farmyard-manUre ;  and  that 
the  deficiency  was  the  less  the  higher  the  artificial  manuring. 
W^ithout  manure,  there  certainly  has  been  a  gradual  decline  of 
produce  from  exhaustion  ;  but  it  is  remarkable  that  there  were 
no  less  than  nine  other  plots  which,  as  well  as  the  unmanured 
plot,  gave  less  than  5  bushels  of  dressed  com  in  1879. 

Xhe  defect  in  weight  per  bushel  of  the  dressed  com  was  great 
uiider  all  the  conditions  cited ;  but  it  was  considerably  greater 
^V'ithoat  manure  than  with  any  of  the  selected  manures. 

Lastly,  great  as  was  the  deficiency  in  the  produce  of  com, 

*J^d  in  the  weight  per  bushel  of  the  dressed  com,  under  all  the 

•conditions,  the  proportional  deficiency  of  straw  was  very  much 

I^9s.    Indeed,  it  was  but  small  with  the  higher  artificial  manuring. 

It   may  be  said  that,  from  the  beginning  to  the  end  of  the 

*^^son,  the  weather  fought  against  the  crop.     In  every  month, 

^^^m  seed-time  to  harvest,  excepting  in  March,  the  mean  temper 

■"^-ture  was  below,  and  frequently  very  much  below,  the  average  ; 

^>Oci    the   total   rainfall  was   more   than    1^  time  as   much  as 

^^^    average.     The  winter  was  very  cold  and  also  wet,  so  that 

^t^e    soil  was  saturated  with  water,  and  there  was  nothing  to 

^^**tpt  the  roots  to  spread,  or  to  penetrate  deeply.     The  loW 

^^O^perature  and  the  great  excess  of  rain  in  every  subsequent 

*^oiith  (except  March)  perpetuated  this  condition.     The  above- 

^^oimd  development  was,  therefore,  also  weak  and  unhealthy. 

^xity  the  plant,  which  luxuriates  in  a  comparatively  dry  soil 

climate,  passed  its  whole  existence  under  exactly  opposite 

^^^^^^ditions  ;  and  the  result  was  only  what  was  to  be  expected. 

It  has  of  course  long  been  known  that  an  excess  of  wet  is 

^^^jurious   to   the   wheat-crop ;    but   it   is   only   comparatively 

^'^^^ently  that  one  at  least  of  the  material  causes  of  the  adverse 

^^fluence  has  been  clearly  made  out  :  namely,  the  great  loss  of 

*^^Togen  carried  off  by  drainage  in  the  form  of  nitrates. 

In  a  paper  published  in  this  ^Journal'  in  1856,  Professor 

^^aj  showed  by  the  analysis  of  the  drainage-waters  from  several 

^ils,  of  different  description,  and  differently  manured,  that  whilst 

^'^  sQ€h  waters  scarcely  any  ammonia  was  to  be  found,  there  was 

^  ^aiiable  and  sometimes  a  very  large  amount  of  nitric  acid, 

which  he  considered  in  all  probability  due  to  the  oxidation  of 

^^mtiogenous  organic  matter  of  manures.     Judging,  however, 

^'^^  the  results  he  had  obtained,  showing  the  power  of  soils  to 

^wrb  ammonia,  he  was  unwiUing  to  believe  in  the  conversion 

^  immonia  into  nitric  acid  within  the  soil.     He  further  said 

^o>t,  considering  how  very  great  in  some  cases  \^e  f](3AXL>a.>CY^ 
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of  nitric  acid  in  the  drainage- waters  were — >^^  we  might  be  te* 
riously  impressed  with  the  significance  of  the  fisct,  were  it  not 
that  we  know  that  these  waters  are  extreme  instances,  and  that 
in  all  probability  such  a  loss  rarely  if  ever  occurs  in  ordinary 
farming."  And,  he  goes  on  to  say  that  Mr.  Paine,  the  drainage- 
water  from  whose  soil  had  yielded  so  much  nitric  acid,  was  in 
the  habit  of  using  on  his  land  large  quantities  of  such  substances 
as  hair,  horn  shavings,  woollen  rags,  &c.,  to  which  in  all  proba- 
bility this  large  quantity  of  nitric  acid  is  to  be  referred. 

In  our  own  experiments  we  had  for  many  years  found,  especi- 
ally in  the  case  of  grain-crops,  that,  of  the  nitrogen  supplied  in 
manure,  a  large  proportion  remained  unrecovered  in  the  increase 
of  produce.  It  was  found  that  when  a  given  amount  of  nitrogen 
was  supplied  year  after  year,  and  the  same  description  of  crop 
was  grown  for  a  series  of  years  in  succession,  geneially  less  than 
half  as  much  as  had  been  supplied  was  recovered  in  the  increase 
of  crop.  It  was  further  found  that,  if  the  application  of  the 
nitrogenous  manure  were  discontinued,  only  a  very  small  pro- 
portion of  the  missing  amount  of  nitrogen  would  be  recovered 
each  year  in  the  succeeding  crops. 

At  first  we  were  disposed  to  consider  that  this  loss  of  nitrogen 
of  manure  might,  in  part  at  least,  be  explained  by  reference  to 
the  vital  actions  of  the  plant  itself,  as  it  had  been  concluded 
by  various  experimenters  that  plants  evolved  nitrogen  by  their 
leaves  during  growth.    But,  reference  to  the  brief  history  of  the 
progress  of  knowledge  on  the  subject  given  in  our  paper — ^*  Oue- 
the  Growth  of  Barley  for  Twenty  Years  in  Succession  on  the  same^ 
Land  " — (this  ^  Journal,'  vol.  ix.,  S.S.,  part  2,  pp.  331  6^  seg.)  willfl 
show  that,  in  1861,  we  had  come  to  rely  much  more  on  accn-— 
mulation  within  the  soil,  and  on  loss  by  drainage,  to  accoun^P 
for  the  missing  amount  of  the  nitrogen  of  manure ;  and  that^ 
as  more  and  more  evidence  on  these  points  was  forthcoming.^' 
we  attributed  more  and  more  of  importance  to  drainage  as 
source  of  loss. 

In  the  autumn  of  1866,  finding  that  Dr.  Voelcker  was  d 
sirous  to  investigate  the  question  of  land  drainage,  we  gladlj^ 
provided  him  with  samples   of  the  drainage-water  from 
differently  manured  plots  in  the  experimental  wheat-field,  ani 
also  with  full  particulars  of  their  history  for  the  purposes  o4 
inquiry.     The  samples  were  collected  at  five  different  periods^ 
and  Dr.  Voelcker  gave  a  summary  of  the  results  of  complete 
analyses  of  65  samples  of  such  drainage-waters  of  accurately 
known  history,  in  a  paper  in  the  *  Journal  of  the  Chemical 
Society  of  London  '  in  1871  (vol.  xxiv.,  p.  276) ;  and  he  gave 
the  results  more  in  detail,  and  with  more  of  reference  to  their 
agricultural  bearings,  in  a  paper  ^<  On  the  Composition  of  Waten 
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o£*  Land  Drainage,"  published  in  this  *  Journal '  in  1874.  Dr. 
V^oelcker  determined  not  only  the  ammonia  and  the  nitric  acid 
iwM  the  drainage-waters,  but  also  the  whole  of  the  mineral  con- 
sfci'^ents. 

n)r.  Frankland  also,  at  his  own  request,  was  supplied  with 
n^camerous  samples,  not  only  of  the  drainage-waters  from  the 
As-CTerent  plots  of  the  permanent  wheat-field,  but  of  those  col- 
1^5<2ted  at  the  depths  of  20,  40,  and  60  inches  respectively,  from 
tb.c  *'  drain-ffouffes "  already  described ;  and  also  of  the  rain- 
^^ter  collected  in  the  large  gauge  at  Rothamsted.     In  all  he 
a.v^aljsed  nearly  70  samples  of  rain-water,  and  more  than  100 
o^  drainage-waters  so  collected.     He  determined  in  them  the 
<^^^[aiuc  carbon,  the  nitrogen  in  the  different  forms  of  combi- 
^^.tion  in  which  it  existed,  and  the  chlorine.     His  results  are 
published  in  full  in  the  Sixth  Report  of  the  Rivers  Pollution 
Commission,  presented  to  Parliament  in  1874.     In  that  Report 
^c  have  a  very  complete  history  of  the  waters  of  Great  Britain, 
*^th  above  ground  and  under  ground.     We  have  the  compo- 
sition of  the  rain,  the  changes  it  undergoes  in  passing  over  or 
torough  various  geological  strata,  and  its  condition  as  it  appears 
^S^Un  in  rivers  and  springs. 

The  dates  of  collection  of  the  samples  of  drainage-waters 
S^^lysed  by  Dr.  Voelcker  ranged  from  December  1866  to 
"^^^oember  1868 ;  and  those  of  the  rain  and  drainage-waters 
?^?aly8ed  by  Dr.  Frankland  from  January  1868  to  February  1873. 
5?-^**  recently,  the  investigation  has  been  continued  in  the 
"^^thamsted  Laboratory,  and  we  have  now  a  large  number  of 
Jesuits,  which  will  be  made  the  subject  of  a  paper  very  shortly. 
1^  the  meantime  it  will  be  sufficient  for  our  present  purpose  to 
W  some  illustrations  from  the  already  published  results  of 
•  Voelcker  and  Dr.  Frankland. 

^t  the  conclusion  of  our  paper  ^^  On  the  Effects  of  the  Drought 
^  1870  "  (vol.  vii.,  8.S.  part  1,  of  this  *  Journal'),  we  were  enabled, 
^  the  courtesy  of  Dr.  Voelcker  and  Dr.  Frankland,  none  of 
^ose  results  were  then  published,  to  point  out  how  very  large 
^^^ht  be  the  loss  of  nitrogen  from  the  land  in  the  winter  after 
r^^  application  of  ammonia-salts  in  the  autumn.  And  in  our 
'^per  on  the  "Growth  of  Barley  for  Twenty  Years  in  Suc- 
^^"^^cion  on  the  same  Land,"  in  this  ^  Journal,'  vol.  ix.,  S.8.,  part  2, 
I^  334  ei  Meq.j  1873,  will  be  found  tabular  summaries  of  their 
^^^^ts,  and  also  a  discussion  of  them. 

In  the  following  Table  (IX.)  is  given  a  summary  of  some  of  the 

^^^ults  of  Dr.  Voelcker  and  Dr.  Frankland,  in  a  different  form 

^^m  that  above  referred  to.    The  object  of  the  arrangement  now 

^l^^opted  is,  not  only  to  indicate  how  great  may  be  the  loss  suffered 

^y  the  passing  away  ot  the  nitTog^n  of  manures  m  lYie  Ioxtcl  oi 
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Table  IX. — Composition  of  the  Draikagb  -  watxh  ooUeistod  i 
differont  Psriodb  of  the  Sbason,  from  Pik^ts  difliarently  matiiined 
Bboadbalk  Field,  Bothamstbd;  Wheat  eyery  Tbab, 
mencing  1844. 

Mitngan  as  Nitrates  and  Nitrites,  per  100,000  parts  of  BraiBage-water. 
Abstmot  of  Dr.  Yoelckor's,  and  Dr.  Franklaod's  Bemdts. 


Plot  5   Pf^^^    mineral    manure) 
\  '  alone      j 

{Mixed  mineral  mannre,! 
and  200  lbs.  ammonia- 
salts  =  41  Ibi.  nitrogen] 


Plot?. 


Mixed  mineral  mannre,! 
and  400  Ibe.  ammonia- 
salte  =  82  lbs.  nitrogen  | 


{Mixed  mineral  manure,) 
and  600  lbs.  ammonia-[ 
salts  =  123  lbs.  nitrogcnl 

1  Mixed  mineral  manure, 
and  550  lbs.  nitrate- 
soda  =  82  lbs.  nitrogen 


Awawinlxdti  Aatman  Sown,  Hitnto 
Spring  8owD. 


From  AutDMn  Sowing  to 
Spring  Sowing. 


ITnmberof 
CoHedioas. 


6 


Nitrogen 

per  100,000 

DninagB. 

0*622 


1*242 


2  182 


2-737 


1019 


Fmn  Spring  Sovfn^  ti 
next  Aatnmn  Sowbig, 


Number  of 
CoUeeUooi. 


Nllnge 
perlOOiO 


0*061 


0*14i 


0*29) 


a*08l 


nitrates  in  the  drainage,  but  to  show  how  much  greater  is  tl 
loss  during  the  winter  than  during  the  later  periods  of  the  season 
when  the  manures  have  been  autumn-sown. 

The  results  in  the  Table  relate  to  a  period  when  the  ammoni 
salts  were  applied  to  the  plots  in  question  in  the  autumn,  ai 
the  nitrate  of  soda  only  in  the  spring.  In  the  first  division 
given  the  average  composition  of  all  the  drainage-waters  oo 
lected  between  the  date  of  sowing  the  ammonia-salts  in  tl 
autumn  and  that  of  sowing  the  nitrate  in  the  spring ;  and  i 
the  second  division  the  average  of  those  collected  after  tl 
sowing  of  the  nitrate,  and  before  the  next  autumn  sowing. 

Looking  to  the  first  division,  relating  to  the  samples  collecti 
during  the  winter,  after  the  autumn  sowing  of  the  ammonia-salt 
and  comparing  the  results  of  plot  5  with  mineral  manure  withoi 
ammonia-salts,  with  those  of  plots  6,  7,  and  8,  which  had  tl 
same  mineral  manures,  but  with  more  and  more  of  ammoaii 
salts  in  addition,  it  is  seen  that  there  was,  not  only  much  moi 
nitrogen  as  nitric  acid  in  100,000  parts  of  the  drainage-wate 
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niiere  ammonia-salts  were  applied  than  where  they  were  not, 
but  that  there  was  a  gradual  increase  in  the  amount  thus  drained 
aMray  and  lost,  with  the  increase  in  the  amount  of  ammonia-salts 
applied. 

Comparing  the   figures  relating  to   the  same   plots  in  the 

second  division  with  those  in  the  first,  it  will  be  noticed  how 

vexj   much  less,    indeed   how  very  small,  is   the  quantity  of 

uteogen  as  nitrates  in  a  given  quantity  of  the  drainage-water 

collected  after  the  conclusion  of  the  winter  period.     Not  only 

l&akTe  the  autumn-sown  manures  already  been  subject  to  a  great 

loss  during  the  winter,  but  vegetation  is  now  more  active,  and 

naore  and  more  rapidly  takes  up  and  utilises  the  nitrates,  and 

so  serves  to  arrest  their  passage  downwards.     Further,  with  the 

increasing  growth,  and  the  increasing  temperature,  evaporation 

is    increased,  and  the  proportion  of  the  rainfall  which  drains 

^^vay  is  diminished.     In  fact,  so  far  as  can  be  judged  from  the 

dckta  at  command,  the  amount  of  water  passing  through  the  soil 

^^ill,  in  ordinary  seasons,  be  several  times  as  much  during  the 

first  four  or  five  months  after  autumn-sowing  and  before  the 

Commencement  of  active  above-ground  growth,  as  afterwards  to 

^^^JvesL     In  the  case  of  the  autumn-sowing  of  the  ammonia-salts 

tiiere  is,  therefore,  not  only  a  much  larger  quantity  of  nitrogen 

*•  nitrates  in  a  given  quantity  of  drainage-water,  but  there  is 

^Iso  a  much  larger  quantity  of  water  passing  as  drainage,  during 

tUc  winter  than  afterwards. 

I^astly  in  regard  to  the  results  relating  to  the  autumn-sown 
^^^^naonia-salts,  it  will  be  observed  that  although  the  quantity 
^*  nitrogen  as  nitrates  in  a  given  quantity  of  the  drainage-water 
^^Uected  after  the  winter,  and  after  the  commencement  of  more 
^^ve  growth,  is  very  small,  it  is,  as  in  the  case  of  the  samples 
^I^Uected  during  the  winter,  and  sooner  after  the  application, 
^^  greater,  the  gpreater  the  amount  of  ammonia-salts  applied. 

We  have  yet  to  notice  the   results  obtained  from  the  plot 

^^^ured  with  nitrate  of  soda,  which  was  always  applied  in  the 

^PHng,  and  generally  between  the  middle  and  the  end  of  March. 

\  im  seen  that  the  drainage  from  this  plot  was  much  richer  in 

^trates  after  the  application  of  the  nitrate  in  the  spring  than  it 

^^  daring  the  winter  before  the  fresh  application.     Still,  con- 

^^ring  the  great  solubility  of  the  nitrate,  the  little  power  of  the 

^a  to  retain  it,  the  fact  that  a  crop  had  been  grown  and  re- 

'^Ved  since  the  previous  application,  and  the  great  quantity 

01  drainage  passing  during  the  winter,  the  average  amount  of 

^^gen  as  nitrates  in  the  samples  collected  in  the  autumn  and 

vuiter  months  is  greater  than  would  be  expected  compared  with 

^  from  the  plots  manured  with  the  ammonia-salts  in  the 

sutamn.     Nor  is  the  average  amount  in  the  drainage  collected 
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after  the  application  of  the  nitrate  so  high  as  might  be  expected  r 
though  the  amount  has  been  found  to  be  rerj  high  in  indiyidiia. 
cases  of  drainage  collected  soon  after  the  spring  dressing. 

Lastly,  to  facilitate  the  appreciation  of  the  significance  of  tb-. 
results  given  in  the  Table,  it  may  be  obserred  that,  for  ererjr  inc~ 
of  rain  passing  beyond  the  reach  of  the  roots,  and  oontainii 
one  part  of  nitrogen  as  nitrates  per  100,000  parts  of  water, 
will  be  a  loss  of  rather  more  than  2^  (2*26)  lbs.  of 
acre ;  corresponding  to  about  11  lbs.  of  the  '^ammonia-salts,' 
to  about  14^  lbs.  of  nitrate  of  soda.     And,  as  illnstrating  k^^ir. 
very  great  may  be  the  loss  when  heavy  rain  and  mnch  dnina^^ 
follow  soon  after  the  application  of  heavy  dressings  of  ammonS.a- 
salts  or  nitrate  of  soda,  it  may  be  mentioned  that  one  sample    mi 
drainage-water  collected  early  in  January  1872,  after  the  appli- 
cation of  600  lbs.  of  ammonia-salts  early  in  November,  was 
found  by  Dr.  Frankland  to  contain  so  much  nitrogen  as  nitrM^es 
as  to  represent  a  loss  of  18  lbs.  of  nitrogen  per  acre,  correspond- 
ing to  about  86  lbs.  of  the  **  ammonia-salts, '  or  to  about  114  Lbs. 
of  nitrate  of  soda,  provided  an  inch  of  rain  had  passed  away  ■* 
drainage  of  that  strength ;  which,  however,  was  probably  ziot 
the  case.     Again,  in  one  case  of  the  Rothamsted  analyses,  'the 
drainage-water  collected  on  April  7th  from  the  plot  which  hA^ 
been  dressed  with  550  lbs.  of  nitrate  of  soda  on  March  10,  c€P'Or 
tained  so  much  nitrogen  as  nitrates  as  to  represent  a  loss  ^ 
about  15^  lbs.  of  nitrogen  per  acre,  corresponding  to  al^o^ 
76  lbs.  of  the  '*  ammonia-salts,"  or  to  about  100  lbs.  of  nitx"^^ 
of  soda,  provided  that  (which  again  was  probably  not  the  tW**) 
an  inch  of  rain  had  passed  as  drainage  of  that  strength. 

It  should  be  added  that,  besides  nitrogen  as  nitrates 
nitrites,  land  drainage-waters  always  contain  more  or  less  as 
monia  or  as  organic  nitrogen,  but  the  quantity  passing  awa^  ^ 
these  forms  is  quite  insignificant  compared  with  that  los^  ^ 
nitrates. 

In  consequence  of  the  very  conclusive  evidence  of  the  R*'*"^ 
loss  by  drainage  of  the  nitrogen  of  ammonia-salts  applied  lot  ^^ 
autumn,  especially  in  wet  winters,  it  was  decided,  in  the  ant****^ 
of  1872,  to  devote  one  plot  in  the  experiments!  wheat  fiet^- J**! 
the  application  of  the  ammonia-salts  in  the  spring.  Aoo^^'^T 
ingly,  plot  15,  which  had  for  many  years  been  manured  ^^^r* 
approximately  the  same  mineral  manures,  and  appraxiin»^^'^' 
the  same  amount  of  nitrogen,  as  plot  7,  was  selected  ;  and,  O-''*'** 
that  time,  precisely  the  same  mineral  manures,  and  preciselj^  '^f^ 
same  amount  of  ammonianudts  were  applied  to  plot  \hm^ 
plot  7.  To  both  plots  the  mineral  manures  were,  wm  hef^^^^ 
applied  in  the  autumn  ;  to  plot  7  (as  to  all  the  other  mmmO^^^'T 
plots),  the  ammonia-salts  alio  were  applied  in  the  utmmii  btf^ 
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plot  15  they  were  not  applied  until  the  spring.    For  the  five  crops, 

from  1873  to  1877  inclusive,  this  arrangement  was  continued.    It 

happened  that  four  out  of  the  five  seasons  were  wetter  than  the 

average,  and  especially  during  the  winter  months.     The  conse- 

sequence  was  that,  in  the  two  wettest  seasons  the  result  was  very 

much  against  the  autumn  sowing  ;  in  two  less  excessively  wet 

ones  it  was  about  equal ;  and,  in  the  season  of  1874  alone,  the 

winter  of  which   was  dry,  it   was  very  decidedly  in  favour  of 

aatumn  sowing.     After  the  harvest  of  1877,  therefore,  it  was 

decided  that  plot  7,  and  all  the  other  plots  which  had  hitherto 

received  ammonia-salts  in  the  autumn,  should  not  receive  them 

until  the  spring,  and  that,  for  comparison  with  plot  7,  plot  15 

should  now  receive  its  ammonia-salts  in  the  autumn. 

The  following  Table  (X.)  shows  the  bushels  of  com,  and  the 
weight  of  straw,  and  of  total  produce,  obtained  in  each  of  the 
icven  ye^rs,  from  1873  to  1879  inclusive,  by  autumn  sowing, 
•nd  by  spring  sowing,  respectively,  of  the  ammonia-salts. 

Table  X 


X%73 

1875 

1877 
X878 
1879 


DatHi  of  Sowing 
AmmonUHwlto. 


AotumiL 


Oct.  18 
,.    28 

n     23 

,.    30 

.  17 
Nov.  3 
Oct.  15 


Spring. 


Corn,  Straw,  and  Total  Produce  per  Acre. 


Com. 


Antamn 
Sown. 


Mar.  25 

19 

23 

24 

Apr.  11 

Mar.  14 

^     10 


•9 


Bashels. 
22 
39| 
25^ 
23} 
19J 
22) 

53 


Spring 
Sown. 


BnaheU. 
3^ 
29] 
25} 
25} 
331 

3l| 
16} 


22}         27| 


Straw. 


Antumn 
Sown. 


lbs. 
2021 
4645 
3422 
2212 
1835 
3071 

906 


2587 


Spring 
Sown. 


Ibe. 
3079 
2776 
3204 
2428 
2788 
4952 
3012 


Total  Prodnoe. 


3177 


Autumn 
Sown. 


lbs. 
3344 
7094 
5110 
3793 
3048 
4486 
1275 


4021 


Spring 
Sown. 


Ifat. 
5031 
4588 
4915 
4083 
4795 
7017 
4063 


4927 


.  It  will  be  observed  that,  in  1874  alone,  was  the  result  decidedly 
Ji^  favour  of  autumn  sowing.  In  1873,  1877,  1878,  and  1879, 
!j^  Was  decidedly  against  autumn  sowing ;  whilst,  in  1875  and 
'"'^VS,  the  difference  was  immaterial. 

In  Table  XL  (page  36)  is  shown  : — 

1.  The  increase  or  diminution  of  produce  by  spring  sowing. 
«  2.  The  rainfall  in  each  season,  from  the  date  of  autumn  sow- 
^^^  to  that  of  spring  sowing,  and  from  that  of  spring  sowing  to 
^^^  end  of  June,  as  measured  by  the  large  gauge  at  Rothamsted. 
«  S.  The  amount  of  drainage  passing  through  60  inches  of  soil 
^^  the  *'  drain-gauge  "  during  the  same  periods. 

As  already  said,  we  have  no  means  of  gaugmg  \\ie  ^xckoxmv. 
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Tablb  XI. 


Dates  of  Sowing 

Pradnoe  Mora  ^-^^  or 

\am»f-\ 

Rainfiill,  Lirg« 
Gauge. 

I>rBliMgt(«tl 
Drain  Qaagc 

Sraroks. 

by  Spring  fowiog. 

From 
Autamn 
to  Spring 
Sowing. 

From 

Spring 

Sowing 

toeodoT 

Jane. 

From 

toSpriiw 
Sowing. 

Antumn. 

Spring. 

Com. 

straw. 

Total. 

toe: 
Jo 

1873 
1874 
1875 
1876 
1877 
1878 
1879 

Oct  18 
..    28 
.,    23 

r,      30 

..    17 
Nov.  3 
Oofc.  15 

Mar.  25 
„     19 
,.     23 
.,     24 
Apr.  11 
Mar.  14 
„     10 

Bushels. 

-    Oi 
+     2 
+  13i 
+     9| 
+  lOJ 

Ibft. 
+  1058 
-1869 
-  218 
+  216 
+  953 
+1881 
+2106 

lbs. 
+  1687 
-2506 
-  195 
+  290 
+1747 
+2531 
+2788 

Inches. 
18-53 
7  05 
10-55 
12  17 
22-01 
11  17 
15  05 

Incbeft. 
4  39 
5- 12 
7-89 
6-12 
4-90 
12-30 
12-86 

Inches. 

11-45 
2-89 
5-21 

10- 14 

15-78 
8-11 

1309 

be 
0 
0 

o 

1 

0 

5 
4 

ATerages 

.. 

•  • 

+    H 

+  590 

+  906 

13-79 

7-65 

9-52 

5 

of  drainage  from  the  different  plots  in  the  experimental  wheats 
field.  But  the  record  of  the  amount  of  the  rain  passing  througlb 
60  inches  of  soil  and  subsoil  in  one  of  the  "  drain-gauges  "  d^s- 
scribed  at  p.  26,  will  at  any  rate  give  some  idea  of  the  characz= 
ters  of  the  different  seasons  in  regard  to  drainage.  As  the  so  :3 
of  the  **  drain-gauge  "  is  without  vegetation,  the  amounts  ^c 
drainage  passing  through  it  during  the  winter,  that  is  from 
date  of  autumn  sowing  to  the  date  of  spring  sowing,  will  doubtk 
more  nearly  represent  the  relative,  and  in  some  degree  the  actus 
amounts  passing  through  the  soil  of  the  wheat-field  during 
period  than  afterwards.  But,  after  active  vegetation  has  co; 
menced,  the  drainage  would  doubtless  be  proportionally  less 
the  wheat-field  than  through  the  bare  drain-gauge  soil. 

From  what  has  been  shown  in  the  former  part  of  this 
it  will  be  obvious  that  the  exact  differences  in  the  amount 
produce  obtained  by  autumn  and  by  spring  sowing  respectiveK^ 
in  the  different  seasons,  cannot  be  at  all  adequately  explained  X'^ 
the  abstract  given  of  rainfall  and  drainage  alone.     To  do  thi% 
it  would  be  necessary  to  go  into  detail  as  to  the  distribution  ^ 
the  rain,  the  coincident  temperatures,  and  the  condition  of  pro-^ 
gress  of  the  growing  crop.     But  to  bring  prominently  to  vieir 
the  effect  of  loss  by  drainage,  it  will  be  well  to  confine  attentioD 
to  the  two  extreme  cases ;  the  one  in  which  the  highest,  and  the 
other  in  which  the  lowest  produce,  of  both  corn  and  straw,  was 
obtained  after  the  autumn  sowing  of  the  ammonia-salts.     Theie 
are  1874  and  1879. 

In  1874,  there  was  not  only  much  more  produce,  both  com 
and  straw,  obtained  by  autumn  than  by  spring  sowing ;  bnt  by 
autumn  sowing  there  was  then  obtained  the  highest  produce  in 
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teries,  whether  by  autumn  or  by  spring  sowing.  In  1879, 
the  other  hand,  autumn  sowing  gave  not  only  much  less  than 
iog  sowing,  but  much  less  than  in  any  of  the  other  cases  of 
ler  autumn  or  spring  sowing. 

rhe  following  summaries  bring  prominently  into  contrast 
( produce  of  the  two  seasons,  and  the  characters  of  the  seasons 
smselves : — 

Producb. 


AmmoDls-salts,  Autonm 
Sown. 

AmnMmia-salts,  Spring 
Sown. 

More  (+)  or  less  (-)  by 
Spring  Sowing. 

Corn. 

Straw. 

TotaL 

Com. 

Straw. 

ToUl. 

Com. 

Straw. 

Total. 

174 
79 

Bushels. 
39i 

5| 

lb& 
4645 

906 

lbs. 
7094 

1275 

Bushels. 
29^ 

16J 

lbs. 
2776 

3012 

lbs. 
4588 

4063 

Boshels. 
-lOJ 

+105 

lbs. 
-1869 

+2106 

lbs. 
-2506 

+2788 

^4 
9 

+34 

+8739 

+5819 

+12J 

-236 

+525 

1 

Rainfall,  and  Drainage  through  60-Inoh  "  Dbain-Gaugis." 


FVom  Antmnn  Sowing  to 
Spring  Sowing. 

From  Spring  Sowing  to 
end  of  June. 

Total 

From  Antiunn  Sowing  to 

end  of  Jane. 

BalniaU. 

Drainage. 

Bainfall. 

Drainage. 

RainfalL 

Drainage 

re 

Inches. 
705 

15-05 

Inches. 
2-89 

13-09 

Inches. 
512 

12-86 

Inches. 
0-25 

4-95 

Inches. 
12  17 

27-91 

Inches. 
314 

18-04 

:-! 

-  8-00 

-10-20 

-  7-74 

-  4-70 

-15-74 

-14-90 

^ImSyin  1874,  the  autumn-sown  ammonia-salts  gave  39|  bushels 
ioro  and  4645  lbs.  of  straw  ;  and  10^  bushels  more  corn,  and 
^Ibs.  more  straw,  than  the  spring-sown  ammonia.  With 
K  heayy  crop  by  autumn-sown  ammonia,  and  much  heavier 
tQ  bj  the  spring  sown,  there  were  only  7*05  inches  of  rain  from 
i  date  of  autumn  sowing  to  that  of  spring  sowing,  and  only 
<9  inches  of  drainage  through  the  60-inch  drain-gauge,  during 

•  same  period.   Then  again,  from  the  date  of  spring  sowing  to 

•  end  of  June,  there  were  only  5*12  inches  of  rain,  and  only 
'5  inch  of  drainage  through  the  60  inches  of  uncropped  soil. 
Mold  appear  that  the  small  amount  of  winter  rain  was  suffi- 
nt  to  aid  the  conversion  of  much  of  the  ammonia  ol  \]ki^  Tsvdxv\a«^ 
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into  nitric  acid,  and  for  its  distribution  through  the  soil,  favoil^ 
ing  root-development ;  but  that  it  was  not  sufficient  for  uaC^ 
loss  by  drainage.  On  the  other  hand,  it  would  seem  that  tti 
small  amount  of  rain  after  the  spring  sowing,  when  both  tb' 
progress  of  vegetation  and  the  increasing  temperature  woul^ 
serve  to  increase  evaporation,  was  insufficient  for  the  necessarj 
conversion  and  distribution  of  the  nitrogen  of  the  spring-sows 
ammonia-salts. 

Contrast  this  result,  and  these  conditions,  with  those  of  1879 

In  1879  we  have  only  5|  bushels  of  corn,  and  only  906  lbs.  (m 

straw,  with  the  autumn-sown  ammonia-salts ;  or  34  bushels  les> 

corn,  and  3739  lbs.  less  straw,  than  by  the  same  manures  sowi 

in  the  autumn   for  the  crop  of  1874.     Coincidently  with  thi 

result  we  have,  for  the  season  of  1879,  15*05  inches  of  rain,  anc 

13*09  inches  of  drainage  through  60  inches  of  soil,  from  the  dat< 

of  autumn  sowing  to  that  of  spring  sowing ;  or  8  inches  mor« 

rain,  and  10*2  inches  more  drainage,  than  over  the  same  perioc 

for  the  crop  of  1874.     In  1879,  however,  we  have  16^  bushel 

of  corn,  and  3012  lbs.  of  straw,  or  10-^  bushels  more  com,  an* 

2106  lbs.  more  straw,  by  spring  sowing  than  by  autumn  sowing 

and  there  were  from  the  date  of  spring  sowing  to  the  end  a 

June  12 '86  inches  of  rain,  and  4*95  inches  of  drainage  througl 

60  inches ;  or  7*74  inches  more  rain,  and  4*7  inches  more  drainage 

than  during  the  same  perod  in  1874.     Further,  whilst  the  drain 

pipes  in  the  experimental  wheat-field  did  not  run  more  th&3 

twice  from  the  date  of  autumn  sowing  to  that  of  spring  sowin  j 

in  the  season  of  1873-4,  in  the  corresponding  period  of  1878-  ' 

they  ran  about  twenty  times  ;  and  again,  whilst  from  the  date  <3 

spring  sowing  to  the  end  of  June  they  did  not  run  at  all  ii 

1874,  they  ran   six  or  seven  times  during  the  corresponding 

period   in  1879.     It  is  remarkable,  that  there  was  even  mon 

straw,    though    there  was    not    more    total   produce,  bj  spring 

sowing  in  the  wet  season  of  1879,  than  in  the  dry  one  of  1874. 

Tliere  can  be  no  doubt  that,  in  the  season  of  1878-9,  there  waa 

an  enormous  loss  by  drainage  from  the  autumn-sown  ammonia* 

salts,  not  only  during  the  winter,  but  also  more  or  less  afterwards 

and  that  there  was  also  a  considerable  loss  from  the  spring-sowi 

ammonia.     In  the  season  of  1873-4,  on  the  other  hand,  whils 

there  seems  to  have  been  a  sufficiency  of  rain  during  the  wintei 

for  the  action  of  the  autumn-sown  manure,  it  would  appear  tha 

there  was  an  actual  deficiency  for  the  proper  action  of  the  spring 

sown  ammonia-salts  ;  resulting  in  even  rather  less  straw,  thongl 

still  much  more  com,  than  was  obtained  under  the  conditions  o 

loss  by  drainage  in  1879. 

The  quantity  of  ammonia-salts  annually  applied  to  each  o 
these  two  plots  is  estimated  to  contain  82  lbs.  of  nitrogen  ;  anc 
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tiie  cnY)p8  removed  in  the  two  years  in  question  contained  the 
foUo^ng  amounts  of  nitrogen  : — 


Nitrogen  in  Produce  per  Acre. 

Ammonia-sslti^ 
AQtnmn  Sown. 

Ammonia-salti,  - 
Spring  Sown. 

Jfforo(-f)orlesB(-)lgr 
Spring  Sowing. 

Com. 

Straw. 

Total. 

Com. 

Straw. 

Total. 

Oom. 

Straw. 

Total. 

1«79 

lbs. 
37-0 

6-6 

lbs. 
14-6 

5-7 

lbs. 
51-5 

12-3 

lbs. 
28-5 

17-6 

lbs. 
91 

13-8 

lbs. 
87-6 

81-4 

lbs. 
-  8-6 

+11-0 

lbs. 
-5-4 

+8-1 

lbs. 
-13-9 

+19-1 

1874 
+  ar  —  , 

1879 

+30-4 

+  8-8 

+89-2 

+  10-9 

-  4-7 

+  6-2 

•  • 

•• 

•• 

Tlie  point  of  greatest  interest  is  the  contrast  between  the 

i^esult  obtained  by  autumn  sowing  in  the  dry  season  of  1874, 

vid  in  the  wet  one  of  1879.     Whilst  we  have,  in  the  produce  of 

1S74,  51*5  lbs.  of  nitrogen,  corresponding  to  63  per  cent,  of  the 

Ainount   supplied,  we   have,  in   that  of   1879,  only   12*3  lbs., 

<^iTesponding  to  only  15  per  cent,  of  that  supplied.     In  these 

^culations  no  allowance  is  made  for  the  amount  of  nitrogen 

^^t  the   respective   crops    may   have   derived   from   the   pre- 

fionsly  existing  stores  within   the  soil,    irrespectively  of  the 

^xnediate  supply  by  the  ammonia-salts.     It  is  obvious  that, 

^^re  any  such  allowance  made,  the  result  would  appear  even 

^^Ttwe  than  is  represented  by  the  figures  as  they  stand.     It  may 

^    added,  that  such  approximate  estimates  as  we  are  able  to 

^[^Ice,  founded  on  the  amount  of  water   passing  through  the 

^^^^inch  drain-gauge,  and  on  the  analyses  of  the  drainage-waters 

^^llected  from   the   autumn-sown  plot,  from   the   date  of  the 

^^^umn  sowing  up  to  harvest,  would  indicate  an  amount  of  loss 

^^    the  supplied  nitrogen  by  drainage  sufficient  to  account,  in 

S^'^at  measure,  for  the  defective  yield. 

AVith  regard  to  the  results  relating  to  the  spring  sowing,  it 
"^^^^  only  be  noticed  how  much  less  of  the  nitrogen  of  the 
'^^nnie  was  recovered  in  the  produce  after  spring  sowing  than 
^^*\er  antumn  sowing  in  the  dry  season  of  1874 ;  and  how  little 
^^^re  of  the  nitrogen  of  the  spring-sown  ammonia-salts  was  re- 
^^■^^veied  in  the  crop  in  the  too  dry  season  of  1874,  than  in  the 
^Tj  much  too  wet  one  of  1879,  with  all  its  loss  by  drainage. 
The  £ACts  adduced  can  leave  no  doubt  whatever  that,  inde- 
pendently of  other  adverse  effects  arising  from  low  temperatures 
^^id  excess  of  rain,  the  Rothamsted  experimental  wheat-croi^s 
^^f  1879  floffeied  very  considerably  from  loss  oi  t\i^  m\.To^xi  tA. 
//  1^ 
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the  manures  by  drainage.  The  question  remains — wl 
farmed  and  manured  in  the  ordinary  way  would  sni 
thing  like  the  same  degree  from  the  same  cause  ? 
of  Professor  Way,  which  have  been  referred  to,  cl 
that  considerable  loss  may  so  arise  when  animal  i 
manures,  such  as  hair,  horn  shavings,  woollen  rag 
employed  ;  and  results  obtained  at  Rothamsted  show 
is  a  similar  loss  when  vegetable  nitrogenous  manur 
rape-cake,  are  used.  Further,  the  drainage  water 
dunged  plot  in  the  experimental  wheat-field  at  Rot 
sometimes  found  to  contain  a  considerable  amount  of  i 
but  always  very  much  less  than  that  collected  at  the 
from  adjoining  plots  receiving  much  less  nitrogen 
but  in  the  i6tm  of  ammonia-salts  or  nitrate  of  sodf 
therefore,  it  is  to  be  assumed  that  the  loss  of  the  i 
manure  by  ^rainage  in  the  past  season  was  jproportio 
greater  in  the  experimental  wheat-field  at  Kothamst 
the  case  of  land  farmed  in  the  ordinary  way,  there 
theless,  be  no  doubt  that  much  of  the  land  of  the 
large  must  also  have  suffered  great  loss  in  the  same  !P 
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Some  of  my  predecessors  in  this  Chair,  whose  duties  as  teachers  of  chemistry  lead 
them  to  traverse  a  wide  range  of  the  subject  every  year,  have  appropriately  and 
usefully  presented  to  the  Section  a  resume  of  the  then  recent  progress  in  the  mani- 
fold branches  of  the  science  which  have  now  such  far-reaching  ramifications.  Such 
a  oourse  has,  however,  come  to  be  of  much  less  importance  and  interest  of  late  yean, 
■bice  the  systematic  publication  by  the  Chemical  Society  of  abstracts  of  chemical 

Kpers  in  home  and  foreign  journals  as  soon  as  possible  after  their  appearance, 
nne,  on  the  other  hand,  have  confined  attention  to  a  department  with  which 
their  own  inquiries  have  more  specially  connected  them,  ^d,  when  the  Council 
of  the  Association  request  a  specialist  like  myself  to  imdertako  the  Presidency  of 
Ihe  Section,  it  is  to  be  supposed  they  take  it  tor  granted  that  he  will  select  for  his 
opening  address  some  branch  of  the  subject  with  which  he  is  known  to  be  mainly 
MMdated. 


1837  the  Committee  of  the  Section  requested  the  late  fiaron  Liebig  to  prepare  a 
report  upon  the  tiien  condition  of  Organic  Chemistry,  and  it  is  now  exactly  forty 
yttn  smce  Liebig  presented  to  the  British  Association  the  first  part  of  his  report, 
^W  was  entitled  Organic  Chemistry  in  tis  Applications  to  Agriculture  and  Pnysi" 
'^y;  and  the  second  part  was  presented  two  years  later,  in  1842,  imder  the  title 
^^^^"mI  ChemisirUt  or  Organic  Chemistry  in  its  application  to  Physiology  and 
^hclogy.  Yet,  so  mr  as  I  am  aware,  no  President  of  the  Section  has,  from  that 
l^to&ie  present,  taken  as  the  subject  of  his  address  the  Application  of  Chemistry 
w  Agriculture. 

jA]^ropriate  as,  for  these  reasons,  it  would  seem  that  I,  who  have  devoted  avery 
"'S'B  portion  of  the  interval  since  the  publication  of  Liebig's  works,  above  referred 
9SC.  B.  C 
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to,  to  agricultural  cnquirios,  should  occupy  tho  short  time  that  can  be  dc 
such  a  imrposo  in  attempting  to  note  progress  on  that  important  Bubjed 
1)0  readily  undei-stood  that  it  would  be  quite  iuipossible  to  condense 
limits  (»f  an  hour's  discourse  anything?  api>roaching  to  an  adequate 
either  of  the  i)r()pn'ss  niHdo  during  the  lust  forty  years,  or  of  the  existin 
tion  of  agrioultunil  cheinistiy. 

For  wliat  is  n'O'i cultural  chemistry':'  It  is  the  chemistry  of  the  atmi 
the  elieiiiistiy  of  the  soil ;  the  chemistiy  of  vegetation ;  and  the  chon 
Hniiiial  life  and  jj^rowtli.  And  but  a  very  imperfwt  indication  of  the  tn 
labour  whieli  has  been  devoted  of  ix»cent  yeai-s  to  the  investigation  of  thcs 
brnnehea  of  what  might  at  first  sight  seem  a  limited  subject,  will  suffice  to 
you  how  hojK^loss  a  task  it  would  b(»  to  seek  to  do  more  tban  dii-eet  utten 
few  points  of  sjK-cial  interest.  Indeed,  devoting  to  the  puri>ose  such  lei 
havt;  bec^n  able  to  eommand,  the  more  I  have  attempted  to  bwome  ac 
witli  ihv.  vast  literature  which  has  been  accumulated  on  the  subject,  \ 
diftiiiulty  have  I  felt  in  making  a  selection  of  illustrations  which  should 
vey  an  iiha  of  the  limits,  rather  than  of  the  extent,  of  the  labour  which 
exjM-nded.  and  of  th(^  results  whii^h  have  been  attained,  in  agiicultural 

The  works  of  J.it'lag  to  which  1  have  referred  have,  as  you  all  know, 
subicet  of  a  vorv  ern-at  deal  of  <:ontrover8V.  Agncultural  chemists,  ^ 
]»hysiologistH.  and  animal  physiologists,  have  each  vehemently  op])08ea 
the  conchisions  of  tlie  author,  bearing ujxm  their  reRi>eetive  bntnches.  B 
part  wliicrh  lias  fallen  to  my  own  lot  in  these*  discussions  qualities  mc»  at  al 
for  others  as  well  as  myself,  I  would  say  that  those  who,  having  themsel 
fully  investigatr-d  the  points  in  question,  have  the  most  prominently 
from  any  spe(aal  views  jmt  forward  in  those  works,  will — whether  thej 
cultural  cliomists,  vegetable  ])hysiologists,  or  animal  physiologists — betl 
admit  how  vast  has  been  the  stimulus,  and  how  important  has  bei-n  the  • 
given  1o  n'searoh  in  their  own  departmi'ut,  by  th(»  masterly  review  of  tli 
ing  knowledge,  and  the  bold,  and  fre(|uently  sagacious,  generalisations 
the  most  remarkable  men  of  his  time  I 

Confining  attentirai  to  researches  bearing  upon  agriculture,  it  wil 
beforo  attempting  to  indicate  either  the  position  establislied  ])y  Lie 
works,  or  the  directicm  of  the  progress  since  made,  to  n.»fer  veiy  brie! 
early  history  of  the  subject. 

From  what  we  now  know  of  the  composition  and  of  the  sources  of  tl 
tuents  of  jilants,  it  is  obvious  that  a  knowledge  of  the  composition  of  1 
si)here,  and  of  water,  was  essentiid  to  any  tnie  conception  of  the  main  ft 
the  veg(»tativ«'  process  ;  and  it  is  of  intcn^st  to  obser\-e  that  it  was  abu( 
tant!Ously  with  thn  establishment,  towards  the  end  of  the  last  century,  < 
knowledge  as  to  the  comix)si  tion  of  the  air  and  of  water,  that  thcirnmtua 
with  vegetation  wert^  first  i>ointed  out.  To  the  collective  labours  • 
Scheele.  Priestley.  Lavoi.sier,  Cavendish,  and  Watt,  we  owe  the  know] 
common  air  consists  chiefly  of  nitrogen  and  oxygen,  "with  a  little  carb< 
that  carbonic  acid  is  comi)Osed  of  carbon  and  oxygen ;  and  that  water  ia 
of  hydrogen  and  oxygen ;  whilst  Priestley  and  Ingenhousz,  Sennebiera 
house,  investigated  the  mutual  relations  of  these  bodies  and  vegctabl 
Priestley  observed  that  plants  possessed  the  faculty  of  purifying  air  v; 
combustion  or  by  the  respiration  of  animals ;  and,  he  having  discoverc 
it  was  found  that  the  gaseous  bubbles  which  Bonnet  had  shown  to  b 
from  the  surface  of  leaves  plunged  in  water  consisted  principally  of  tha* 
genhousz  demonstrated  that  the  action  of  light  was  essential  to  the  dei 
of  these  phenomena ;  and  Sennebier  proved  that  tho  oxygen  emittec 
from  the  decomposition  of  the  carbonic  acid  tjiken  up. 

So  far,  however,  attention  seems  to  have  been  dii-ected  more  promj 
tlie  question  of  the  influence  of  plants  ujion  the  media  with  which  they 
rounded,  than  to  that  of  the  influence  of  those  meilia  in  contributing 
crciisfid  substance  of  the  i)lants  themselves.   Towards  tho  end  of  the  las 
jind  in  Uie  Ix'ginning  of  tiic  x>re«cut  one,  De  Saussurc  followed  up  these 


and  in  Lis  work  ontitlod,  Rec1ierche$  Chimiquei  Bur  lu  V^yetation^  published  in  1804, 
he  may  be  tutid  to  have  indicatc>d.  if  not  indeed  established,  some  of  the  most  im- 
portant facts  with   which   we  arc  y«*t  acquainted,  regarding  the  sources  of  the 
ooiutituents  stored  up  by  the  growing  plant.     De  Kaussure  illustrated  exwri- 
mimtally.  and  even  to  hoiuo  cjxtont  (quantitatively,  the  fact  tliat  in  sun-light 
plants  inereas(i  in  carbon,  hydrogen,  and  oxygen,  at  the  expense  of  carbonic  acid 
and  of  wat4T  ;  and  in  the  case  of  his  juain  experiment  on  the  ix)int,  ho  found 
the  increase  in  carlxjn,  and  in  the  elements  of  water,  to  be  very  closely  in  the 
proportion  in  which  these  are  known  to  exist  in  th(?  carbohydrates.     He  further 
mamtainetl  the  essentialness  of  the  mineral  or  ash  constituents  of  plants ;  ho 
pointed  out  that  they  must  be  deiived  from  Win  soil ;  and  he  calh^l  attention  to 
the  probability  that  the  incoinbustibh;  constituents  so  derived  by  plants  from  tho 
soil,  wore  the  source  of  those  found  in  the  auimtds  fed  upon  them. 

With  regard  to  the  nitrogen  which  plants  had  already  been  shown  to  contain, 
Priestley  and  Ingenhousz  thought  tht;ir  experimtrnts  indicated  that  they  absorbed 
free  nitrogen  from  the  atmosphere ;  buu  »Sennebier  and  Woodliouso  ari'ived  at  an 
opposite  conclusion.  De  »Saussure,  again,  thought  that  his  experiments  showed 
ntaer  an  evolution  of  nitrogen  at  the  expense  of  tho  substance  of  tho  plant, 
than  any  assimilation  of  it  from  gaseous  media.  He  further  concluded,  that  the 
•oorcG  of  tho  nitrogen  of  x^lants  was  more  probably  tho  nitrogenous  compounds 
in  the  soil,  and  tlie  small  amount  of  ammonia  which  he  demonstrated  to  exist  in 
the  atmosphere. 

Upon  the  whole,  Do  Saussure  concluded  that  air  and  water  contributed  a  much 
Ittger  proportion  of  the  dry  substance  of  x^lant^  than  did  the  s-jils  in  which  they 
gww.  In  his  view  a  fertile  soil  was  one  which  yielded  libei-ally  to  the  plant  nitro- 
genons  compounds,  and  the  incombustible  or  mineral  constituents ;  whilst  tho 
ttrbon, hydrogen,  and  oxygen,  of  which  the  greater  proportion  of  the  diy  substanco 
of  tho  tilant  was  nuide  up,  were  at  legist  mainly  derivcid  from  the  air  and  water. 

Porhai)s  I  ought  not  to  omit  to  mention  here  that,  (Mich  year  for  10  succesflivo 
)"*ws,  hiiin  1802  to  1812,  Sir  Humphry  Davy  delivered  a  course  of  lectiu'os  on  tho 
thufuU  9/ Agricnltnral  Chemtatn/,  whinh  were  first  publishcnl  in  1813,  were  finally 
icriafd  by  the  author  for  the  Fourth  Edition  in  1827,  but  have  gone  through 
Krcral  CKtitions  since.  In  those  Lectures,  Sir  Humphry  Davy  i>assed  in  review 
iud correlated  the  then  existing  knowledge,  both  practical  and  scientific,  Inuiring 
vpon  agriculture.  He  treatful  of  the  influenccis  of  heat  and  light ;  of  the  organi- 
*^n  of  plants;  of  the  difference,  and  the  change,  in  the  cheuiical  composition 
of  their  different  parts ;  of  the  sourc(>s,  coiuposition,  and  tre^ttment,  of  soils ;  of 
the  composition  of  the  atmosphere,  and  its  influence  on  vegetation  ;  of  the  com- 
poQtion  and  tho  action  of  manures;  of  fermentation  and  putrefaction;  and 
"ttlty  of  tho  principles  involved  in  various  recognised  agiicultural  piactices. 

With  the  exception  of  these  discourses  of  Sir  Humphiy  Davy,  tho  subject 
■Wins  to  have  received  companitively  little  attention,  nor  was  any  important 
•ddition  made  to  our  knowledge  in  regard  to  it,  during  the  period  of  about  30 
years,  from  tho  date  of  the  appeaiunce  of  De  Saussui'e*s  work  in  1804  to  that  of 
flic  oommcnccmcnt  of  Boussingault's  investigations.^ 

About  1834,  Boussingault  became,  by  marriage,  joint  proprietor  with  his 
nother-in-law,  of  the  estate  of  Bechelbronn,  in  Alsace.  His  brother-in-law,  M. 
I'hel,  was  both  a  chemical  manufactuna*  and  an  intelligent  practical  farmer, 
■ficnstomed  to  use  tho  balance  for  the  weighing  of  manures,  crops,  and  cattle. 
BoosBingault  seems  to  have  applied  himself  at  once  to  chemico-agricultural 
'livarch ;  and  it  was  under  thtise  conditions  of  the  association  of  ^  practice  with 
■ooncc*  that  tlie  first  lal>orat()i'y  on  a  fann  was  established. 

From  this  timo  forwartl,  Boussingault  generally  spent  about  half  the  year  in 
^Aria,  and  the  other  half  in  Alsace ;  and  1h^  has  continued  his  scientific  labours, 
lonietimes  in  the  city,  and  sometimes  in  the  countiy,  up  to  the  present  time.  His 

^Some  reference  should  have  been  ma<le  in  tho  text  to  tho  labonrs  and  writings  of 
'^^  Carl  Sprengel,  late  Prof essor  of  Agriculture  at  Brunswick,  who  made  numerous 
■ttlyees  of  agricnltaral  materials,  and  published  numerous  papers  in  connection  with 
^TKQltnral  Chemistry,  during  a  series  of  years,  commencing  about  1820. 
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first  im^rtant  contribution  to  agricultural  chemistry  was  made  in  1838,  vki 
lie  publi^ed  a  pax>er  on  the  amount  of  nitrogen  in  different  foods,  and  on  tk 
equivalence  of  the  foods,  founded  on  the  amounts  of  nitrogen  ther  oontMaed; 
and  he  compared  the  results  so  arrired  at  witii  the  estimates  of  others  fooBiU 
on  actual  exi)criciicc.  Although  his  conclusions  on  the  subieot  haTe  donbttBi 
undorgono  modification  since  tiiat  time,  the  work  itself  marked  a  mat  sdms 
on  previously  existing  knowledge,  and  modes  of  viewing  the  question. 

In  1837,  Boussingault  publi^ed  papers— on  the  amount  of  gluten  in  dSftra 
kinds  of  wheat ;  on  the  infiuence  of  the  clearing  of  forests  on  the  'iii«faii*»*w  c 
the  flow  of  rivers ;  and  on  the  meteorological  influences  affiscting  the  cnltoR  c 
the  vine.  In  1838  ho  published  the  results  of  an  elaborate  research  on  fl 
principles  underlying  the  value  of  a  rotation  of  crops.  He  determined  bysnsl^ 
the  composition,  both  organic  and  inorganic,  of  the  manures  appliod  to  then 
and  of  the  crops  harvested.  In  his  tr^tment  of  the  subject  he  evinced  a  da 
];)erception  of  the  most  important  problems  involved  in  such  an  inquiiy;  8onM< 
which,  with  the  united  labours  of  himself  and  many  other  workers,  have  scsittl 
yet  received  an  undisputed  solution. 

Thus,  in  tlio  same  year  (1838),  he  published  the  results  of  an  investigation  c 
the  question  whether  plants  assimilate  the  free  or  uncombined  nitrogen  of  il 
atmosphere  ;  and  although  the  analytical  methods  of  the  day  were  inadeqnstel 
the  deciKivc  settlement  of  the  point,  his  conclusions  were  in  the  main  those  wUt 
much  subsequent  work  of  his  own,  and  much  of  others  also,  has  served  tooonta 
As  a  further  element  of  the  question  of  the  chemical  statistics  of  a  rotatSoa 
crops,  Boussingaiilt  detenuined  the  amoimt  and  composition  of  the  residiM' 
various  crops ;  also  the  aiuoimt  of  constituents  consumed  in  the  food  of  a  oo 
and  of  a  horse  respectively,  and  yielded  in  the  milk  and  excretions  of  the  oir 
and  in  the  excretions  of  the  horse.  Here,  again,  the  exigencies  of  Uie  inml 
gation  he  undertook  were  beyond  the  reach  of  the  known  methods  of  the  tin 
Indeed,  rude  as  the  art  of  agricultui'O  is  generally  considered  to  be,  the  sdenfi 
elucidation  of  its  pmctices  requires  the  most  refined,  and  very  vuied,  metto 
of  research ;  and  a  characteristic  of  the  work  of  Boussingault  may  be  said  tot 
that  he  has  frequently  had  to  devise  methods  suitable  to  his  pvuxKMe,  befois' 
could  grapple  with  the  problems  before  him. 

In  1839,  chiefly  in  recognition  of  his  important  contributionB  to  agricnlbi 
chemistry,  Boussingault  was  elected  a  member  of  the  Institute ;  and  in  W 
thirty-nine  years  later,  the  Council  of  the  Boyal  Society  awarded  to  him  t 
Copley  Medal,  the  highest  honour  at  their  disposal,  for  his  numerous  and  nri 
contributions  to  science,  but  especially  for  those  relating  to  agriculture. 

The  foregoing  brief  historiod  sketch  is  sufiicient  to  indicate,  though  W 
broad  outline,  the  range  of  existing  knowledge  on  the  subject  of  agricntti 
chemistry  prior  to  the  appearance  of  liebig's  memorable  work  in  1840.  It  viD 
seen  that  some  very  important  and  indeed  fundamental  facts  had  already  been  si 
blished  in  regard  to  vegetation,  and  that  Boussingault  had  not  only  extended: 
quiry  on  that  subject,  but  he  had  brought  his  own  and  previous  results  to  beariQ 
tne  elucidation  of  long-recognised  agricultural  practices.  There  can  bene  doi 
that  the  data  supplied  by  his  researches  contributed  important  elnnents  to  theb 
of  established  facts  upon  which  liebig  founded  his  bruliant  seneraliaationB.  ^ 
cordingly,  in  1841,  Dumas  and  Boussingault  published,  jomtly,  an  essay  i^ 
afterwaids  appeared  in  English  under  the  titie  of  The  Chemieai  ondPhyMagi 
Balaiiceof  Organic  Nature;  and,  in  1843,  Boussingault  published  a  lanerm 
which  embodied  the  results  of  many  of  his  own  previous  oriffinal  inrnstigii*" 
But  there  ctm  be  no  doubt  that  the  appearance  of  liehiffVtwo  woiks,  lik 
were  contributions  made  in  answer  to  a  request  submitted  to  mm  by  the  oomail 
of  this  Section  of  the  British  Association,  constituted  a  very  mazked  epooii  in' 
history  of  the  progress  of  agricultural  chemistry.  In  the  treatment  of  msiilij 
he  not  only  called  to  his  aid  tlie  previously  existing  knowledge  direoUy  hstf 
upon  it,  but  ho  also  turned  to  good  account  the  more  recent  timmphs  of  09 
cnemistry,  many  of  which  had  beoi  wonmY^  owtLAaKMnnAary*  Fnruor,  WkWm 
feature  of  bia  expositions  was  the  adoigidoii  c&  ^wVo^  iBasj\i^  «A«l^tMMi 


letiiod^I  tuo  tho  word  statistical  rather  than  quantitatiye,  as  the  latter 
xpreMBon  has  its  own  technical  meaning  among  chemists,  which  is  not  precisely 
rut  I  wish  to  convey. 

It  seems  that,  notwithstanding  the  conclusive  evidence  afforded  by  the  direct 
xperiment«  of  De  Saussure  and  his  predecessors,  vegetable  physiologists  con- 
mncd  to  hold  the  view  that  the  humus  of  the  soil  was  tho  source  of  the  carbon 
if  Tegctation.  Not  only  did  liiebig  give  full  weight  to  the  evidence  of  the  experi- 
Dontii  of  De  Saussure  and  others,  and  illustrate  the  possible  or  probable  trans- 
onnations  within  the  plant  by  facts  already  established  in  organic  chemistry,  but 
le  demonstrated  tho  utter  impossibility  of  mmius  supplying  the  amount  of  carbon 
iaimilatcd  over  a  given  area.  He  pointed  out  that  hunms  itself  was  the  product 
i  pievious  vegetable  growth,  and  that  it  could  not  therefore  be  an  original 
uoioe  of  carbon ;  and  that,  from  the  degree  of  its  insolubility,  either  in  pure 
nter  or  in  water  containing  alkaline  or  earthy  bases,  only  a  small  portion  of  the 
aibon  assimilated  by  plants  coidd  be  derived  from  the  amount  of  humus  that 
sonld  possibly  enter  the  plant  in  solution.  He  maintained  that,  so  far  as  humus 
vu  bmefidal  to  vegetation  at  all,  it  was  only  by  its  oxidation,  and  a  conseq^uent 
Rqrply  of  carbonic  add  within  the  soil ;  a  source  which  he  considered  only  of 
iBDortance  in  the  early  stages  of  the  life  of  a  plant,  and  before  it  had  developed 
lad  exposed  a  sufficient  amount  of  green  surface  to  the  atmosphere  to  rendeir  it 
iad^endent  of  soil  supplies  of  carbonic  acid. 

With  regard  to  the  hydrogen  of  plants,  at  any  rate  that  portion  of  it  con- 
Uned  in  their  non-nitrogenous  products,  he  maintained  that  its  source  must  be 
viter ;  and  that  the  source  of  the  oxygen  was  either  that  contained  in  carbonic 
■cid  or  that  in  water. 

With  regard  to  the  nitrogen  of  vegetation,  both  from  the  known  characters  of 
fnenitroffen,  and  as  he  considered  a  legitimate  deduction  from  direct  experiments, 
be  vgaed  that  plants  did  not  take  up  free  or  imcombined  nitrogen,  either  from  tho 
■tnofliphere,  or  dissolved  in  water  and  so  absorbed  by  the  roots.  The  source  of 
the  nitro^n  of  vegetation  was,  he  maintained,  ammonia ;  the  product  of  tho 
pQbe&ction  of  one  generation  of  plants  and  animals  affording  a  supply  for  its 
nooesBors.  He  pointed  out  that,  in  the  case  of  a  farm  receiving  nothing  from  exter- 
Beliottroes,  ana  selling  off  certain  products,  the  amoimt  of  nitrogen  in  the  manure 
demed  by  tho  consumption  of  some  of  tho  vegetable  produce  on  the  farm  itself, 
together  with  that  due  to  the  rcfuf^e  of  the  crops,  must  always  be  less  than  was 
notamed  in  the  crops  grown ;  and  he  concluded  that  though  the  quantity  so 
Rtoned  to  the  land  was  important,  a  main  source  of  the  nitrogen  assimilated 
over  a  given  area  was  that  brought  down  from  the  atmosphere  in  rain. 

There  can  be  no  doubt  that,  owing  to  the  limited  and  defective  experimental 
eridence  then  at  command  on  the  point,  Licbig  at  that  time  (us  he  nas  since) 
pMy  over-estimated  the  amount  of  ammonia  available  to  vegetation  from  that 
invoe.  In  Boussingault^s  '  reclamation  *  already  referred  to,  he  gave  much  more 
pitiinizience  to  the  importance  of  the  nitrogen  of  manures.  In  Liebig^s  next 
^ditioii  (in  1843)  he  combated  the  notion  of  the  relative  importance  of  the  nitro- 
pn  of  manures ;  maintained,  in  oppositiou  to  the  view  put  forward  in  his  former 
edition,  that  tho  atmosphere  afforded  a  sufficient  supply  of  nitrogen  for  cultivated 
H  well  as  for  uncultivated  plants ;  that  the  supply  was  sufficient  for  the  cereals 
**  well  as  for  leguminous  plants :  that  it  was  not  necessary  to  supply  nitrogen  to 
^  former ;  and  he  insisted  very  much  more  strongly  than  f  onueny  on  the  rela- 
tifB  importance  of  the  supply  of  the  incombustible,  or,  as  he  designated  them, 
^  *  inorganic '  or  *  mineral,'  constituents. 

As  to  the  incombustible  or  mineral  constitiients  themselves,  Liebig  adduced 
*Mny  illustrations  in  proof  of  their  essentialncss.     He  calif. 'd  attention  to  the 
v^tkm  in  tho  composition  of  the  ash  of  plant-s  grown  on  different  soils ;  and  he 
■■oned  a  greater  degree  of  mutual  replaceability  of  one  hose  by  another,  or  of 
^  acid  by  another,  than  could  be  now  admitted.    He  traced  the  differensi^  \^ 
^BinineTal  composition  of  dififoront  soils  to  that  of  t\io  tocV&  ^\iiOEi \aj^ \3K!«cl 
■■frioaroe;  and  be  acems  to  have  been  led  by  the  con»dei»l\oTv  oi  ^2!CkB  ^gcatoa^ 
'Bfioaai'MaetaAmn^,*  in  rendering  byb^Is^Ar  the  othcrvnao  \w^^-^^^^«t«^N*^ 
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aiiribiite  the  benefits  of  fallow  exclusively  to  the  increased  supply  of  t 
bustible  constituents  which  would,  by  its  agency,  bo  brought  into  a  cc 
which  they  could  be  taken  up  by  plants. 

The  benefits  of  an  alternation  of  crops  Liebig  consideiod  to  be  in  part 
by  the  influence  of  the  excjet<»d  matters  from  one  description  of  crop 
giowth  of  another.  He  did  not  attach  weight  to  the  assumjition  that  su 
would  be  dii'octly  injurious  to  the  same  description  of  crop;  but  he 
rather  that  the  matters  excreted  were  those  which  the  plant  did  not 
would  theix?fore  be;  of  no  avail  to  the  same  description  of  plant,  but  w 
use  to  another.  Hi%  however,  attributetl  much  of  the  bonefitfl  of  a  i 
diftereiit  mineral  constituents  being  required  from  the  soil  by  thcrcsixjc 

Tn»ating  of  manure,  ho  laid  the  greatest  stress  on  the  return  by  it  of 
and  the  ]>ho.sphate8  removed  by  the  croi)s.  But  he  also  insisted  on  the  r 
of  the  nitrogen,  esjiecially  that  in  the  liquid  excretions  of  animals,  and  c 
the  mt'thods  of  treatment  of  animid  manures  by  which  the  ammonia  w 
to  b(»  lost  by  evaporation.  It  is  curious  and  significant,  however,  that  s 
X)a8sages  in  his  first  edition,  in  which  he  the  most  forcibly  urges  the  vi 
nitrogen  of  aiumid  manures,  are  omitted  in  the  .third  and  fourth  cditioi 

The  discussion  of  the  processes  of  fermentation,  decay,  and  putrefa 
that  of  poisons,  contagions,  and  miasms,  constituted  a  rc*markablc  and 
l>art  of  Liebig' s  fii*st  report.  It  was  the  portion  roLiting  to  poisons,  c 
and  miasms,  that  he  presented  to  this  Section  as  an  instalment,  at  the 
the  Association  held  at  GLisgow  in  1840.  It  was  in  the  chapters  relai 
several  subjcicts  here  enmuerated  that  he  deveh)j)ed  so  prominently  his  vi 
influence  of  contact  in  inducing  chemical  changes.  He  cit^  ma: 
tninsformations,  other  than  those  coming  under  either  of  the  heads  in  q 
illustration  of  his  subject ;  and  he  discussed  with  great  clearness  the  diH 
ditions  ocoun-ing,  and  the  diifeix)nt  results  obtained,  in  various  proccissi 
the  diffi'nait  modt^s  of  fermenting  beer,  the  fermentation  of  "wine  froi 
kinds  of  grjipes,  the  production  of  acetic  acid,  &c.  As  is  well  known, 
a  purely  chemical  explanation  for  the  phenomena  involvcni  in  fcnncnti 
further  maintained  that  thtj  action  of  contagions  was  pnHiisely  simila 
hitest  writings  on  the  subject  (in  1R7U),  he  achnits  some  change  of  %'ic 
is  by  no  means  easy  to  decide  exactly  how  much  or  how  little  of  modi 
wouhl  wish  to  imply. 

Liebig's  second  report,  pixisented  at  the  meeting  of  this  Associatii 
and  published  under  the  title  of  Animal  ChcmUtrif,  or  Organic  Chiim 
appJiaifi(>ii8  to  r/n/sioliH/tf  and  Patholoffi/f  perhaps  excited  even  more  att< 
his  first,  and,  probably  from  the  manner  as  much  as  from  the  matter, 
great  deal  of  controversy,  especially  among  physiologists  and  ; 
Liebig  was  severe  upon  what  he  considered  to  bo  a  too  exclusive  a* 
morj)liological  chjinicters  in  physiological  research,  and  at  any  n.U 
attention  to  chemical  phenomena,  mid,  so  far  as  these  were  invest 
iuadecjuate  treatment  of  the  subject  liccording  to  strictly  quantitative 

He  combated  the  view  that  ner\'ous  action,  as  such,  could  be  a  son 
of  the  heat  of  the  body:  and  he  adduced  numerous  illustrations  and  c 
in  support  of  the  view  that  the  combustion  of  carbon  and  hydrogen  in 
was  sufficient  to  account  for,  and  was  the  only  source  of,  anijnal  beat. 

He  compared  and  contrasted  the  genend  comj)osition  of  plants  an 
In  acconliiuce  vriih  Mulder,  he  pointed  out  that  wliilst  plants  formed 
genous  bodies  which  they  contain  from  carbonic  acid,  water,  and 
animals  did  not  i>roducc  th(»m,  but  received  them  rcady-f ormed  in  thci 
food;  that,  in  fact,  the  animal  begins  only  where  the  plant  ends. 
beyond  Mulder,  and  beyond  what  had  then,  or  has  since,  been  csta 
maintain(Hl  the  identity  in  compositi(m  of  the  admittedly  analogous  o 
conijiounds  in  2>lants  and  in  the  blood  of  animals. 

(hiiittinp:  thv  fat  wliicli  the  camivonv  might  receive  in  the  anitnAla 
stuwd,  hv  siutoil  the  characteristic  diffcreii^i^i  VwVwcttu  V\\<5i  \vs(cA  ^i  qui 
horbivora  to  ho,  that  the  former  obtained  t\w5ii^»MiV'^\«t\^^^ 


miieriai  from  the  waste  of  tissue ;  whilst  the  latter  obtained  a  large  amount  from 
itarch,  sugar,  &c.  These  different  conditions  of  life  accounted  for  the  compara- 
thre  leanness  of  camivora  and  fatness  of  herbivora. 

He  maintained  that  the  vegetable  food  consumed  by  herbivora  did  not  contain 
mything  like  the  amount  of  fat  which  they  stored  up  in  their  bodies ;  and  he 
showed  how  nearly  the  composition  of  fat  was  obtained  by  the  simple  elimination 
of  80  much  oxygen,  or  of  oxygen  and  a  little  carbonic  acid,  from  the  various 
ctfbo-hydrates.  Much  less  oxygen  would  be  required  to  be  eliminated  from  a 
quantity  of  iibrine,  &c.,  containing  a  given  amount  of  carbon,  than  from  a 
^oantity  of  carbo-hydrates  containing  an  equal  amount  of  carbon.  The  forma- 
tion of  fatty  matter  in  plants  was  of  the  same  kind ;  it  was  the  result  of  a 
lecondary  action,  starch  being  first  formed  from  carbonic  acid  and  water. 

He  concluded  from  the  facts  adduced  that  the  food  of  man  might  bo  divided 
into  the  nitrogenised  and  the  non-nitroyenised  elements.  The  former  were  capable 
of  conversion  into  blood,  the  latter  incapable  of  such  transformation.  The  former 
night  bo  called  the  plastic  elementa  ofnutrition,  the  latter  elements  of  respiration, 
^tm.  the  plastic  elements,  the  membranes  and  cellular  tissue,  the  nerves  and  brain, 
cartikge,  and  the  organic  part  of  bones,  could  be  formed ;  but  the  plastic  substance 
most  be  received  ready-made.  Whilst  gelatine  or  chondrine  was  derived  from 
fibrine  or  albumen,  fibrine  or  albumen  could  not  be  reproduced  from  gelatine  or 
chondrine.  The  gelatinous  tissues  suffer  progressive  alteration  under  the  influence 
of  oxygen,  and  the  materials  for  their  re-formation  must  be  restored  from  the 
hlooi  It  might,  however,  bo  a  question  whether  gelatine  taken  in  food  might 
not  again  be  converted  into  cellular  tissue,  membrane,  and  cartilage,  in  the  body. 

At  that  time,  adopting  and  attaching  great  importance  to  Muldcr^s  views  in 
regard  to  proteine,  he  says  : — *  All  the  organic  nitrogcnised  constituents  of  the 
body,  how  different  soever  they  may  be  in  composition,  are  derived  from  proteine. 
Ibey  are  formed  from  it  by  the  addition  or  substraction  of  the  elements  of  water 
or  of  oxygen,  and  by  resolution  into  two  or  more  compounds.* 

He  seeks  to  trace  the  changes  occurring  in  the  conversion  of  the  constituents 
of  food  into  blood,  of  those  of  blood  into  the  various  tissues,  and  of  these  into 
the  secretions  and  excretions. 

He  states  that  the  process  of  chymification  takes  place  in  virtue  of  a  purely 
<j)einical  action,  exactly  similar  to  those  x^rocesses  of  decomposition  or  transfor- 
mation which  are  known  us  putrefaction,  fermentation,  or  decay.  Thus,  the 
dear  gastric  juice  contains  a  suostance  in  a  state  of  transformation,  by  the  contact 
of  wuch  with  the  insoluble  constituents  of  the  food  they  are  rendered  soluble, 
Bo  other  element  taking  any  share  in  the  action  excepting  oxygen  and  the  elements 
of  water.  All  substances  which  can  arrest  the  phenomena  of  fermentation  and 
putrefaction  in  liquids,  also  arrest  digestion  when  taken  into  the  stomach.  Putre- 
fying blood,  white  of  cggy  flesh,  and  cheese,  produce  the  same  effects  in  a  solution 
of  sugar,  as  yeast  or  ferment ;  the  explanation  being,  that  ferment,  or  yeast,  is 
DoUung  but  vegetable  fibrine,  albmnen,  or  coseine,  in  a  state  of  decomposition. 

Ecferring  to  the  derivation  of  the  animal  tissues,  he  says  they  all  contain,  for 
a  given  amount  of  carbon,  more  oxygen  than  the  nitrogenous  constituents  of 
^ood.  In  hair  and  gelatinous  membrane  there  is  >dso  an  ex(X)8s  of  nitrogen  and 
hydrogen,  and  in  the  proportions  to  form  ammonia.  We  may  supj)ose  an  addition 
of  these  elements,  or  a  substraction  of  carbon,  the  amount  of  nitrogen  remaining 
the  same.  The  gelatinous  substance  is  not  a  compound  of  proteine;  it  contains  no 
K^I^nr,  no  phosphorus;  audit  contains  more  nitrogen,  or  less  carbon.than  proteine. 

He  next,  as  he  says,  attempts  to  develop  analytically  the  principal  metamor- 
phoses which  occur  in  the  animal  body.  He  adds  that  the  results  have  surprised 
himself  no  less  than  they  will  others,  and  have  excited  in  his  own  mind  the  same 
doubts  as  others  will  conceive.  lie  iK^vurthcless  gives  them,  because  he  is  con- 
Wnoed  that  the  method  by  which  they  haw  been  obtain(^d  is  the  only  one  by 
^hich  we  can  hope  to  acquire  an  insight  into  the  nature  of  organic  processes^ 

Bderring  to  the  animal  secretions,  he  argues  that  t\icy  i\\u%\»  c^XL\»iai^^  "^t^^- 
duflts  of  the  metamorphosis  of  the  tissues.    He  says  a  starvm^  ixi«^TLVv>DGL^iRr«^sK 
^tvtioB  seateteg  more  urea  tbanthe  mo6t  highly  fed  m^md•a:^YEL«.^i^»te^^'^t^ 
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and  he  combats  tho  idea  that  the  nitrogen  of  the  food  can  pass  into  ucairiflioii 
haying  previously  become  part  of  an  organised  tissne. 

Having  shown  the  chomical  relations  of  bile  and  urine  to  the  proteine  bodiB^ 
he  illustrates,  by  f  ormulro,  the  connection  between  allantoine  and  the  ooMtituwrti 
of  the  urine  of  animals  that  ren)ire.  He  insists  that  in  tho  herbiTon  the  tuAnh 
hydrates  must  take  {tart  in  tho  formation  of  bile ;  and  ho  oalcolates  the  nnmlNr 
of  equivalents  of  pruteine,  starch,  oxygen,  aud  water,  which  would  yield  a  giw 
number  of  equivalents  of  urea,  choleic  add,  ammonia,  and  carbonate  add.  Tk 
non-nitrogenous  constituents  in  the  food  of  the  herbivora  retard  the  metunor' 
phosia  of  the  nitrogenous  bodies,  rendering  this  less  rapid  than  in  the  CKoifonL 
It  may  be  said  that  proteine,  starch,  and  oxygen,  give  the  secretions  and  ezisetioM 
—carbonic  acid  by  tho  lungs,  urea  and  oarbonato  of  ammonia  by  the  kidnm 
choleic  add  by  the  liver.  It  is  tho  study  of  the  phenomena  which  aooompurtte 
metamorphoses  of  the  food  in  the  organism,  the  discovery  of  tho  share  whin  As 
atmosphere  and  tho  elements  of  water  take  in  these  changos,  by  .whidi  we  ibfl 
leom  tiic  conditions  necessary  for  the  production  of  a  secretion  or  of  anozganisedpiii 

He  traces  the  possible  formation  of  taurine  from  caffdne  or  asparagiiiety 
thdr  assumption  of  oxygen  and  of  the  elements  of  water.  And,  from  the  compootioi 
of  the  vegetable  alkaloids,  he  suggests  the  possibility  of  their  taking  a  shanii 
the  formation  of  new,  or  the  transformation  of  existing,  brain  and  nervous  mittv. 

Finally,  in  reference  to  these  various  illustrations  and  oondderations,  he  hjIi 
however  hypothetical  they  may  appear,  they  deserve  attention  in  so  &r  is  Wf 
point  out  the  way  which  chemistrr  must  pursue  if  she  would  really  be  of  ssnioi 
to  physiology  and  pathology.  Chemistry,  he  says,  relates  to  the  conversioa  of 
food  into  the  various  tissues  and  secretions,  and  to  their  subsequent  metunor 
phosis  into  lifeless  compounds. 

After  this  lapse  of  time,  it  will  certainly  be  granted  that,  quite  izrespecihdy 
of  the  admissibility  or  otherwise  of  tho  particular  illustrations  addooisd,  or  ot 
the  truth  or  error  of  any  of  the  condusions  drawn— and  some  at  least  are  so  tiei 
that  they  seem  to  us  now  all  but  truisms,  and  you  may  be  disposed  to  adc  me  lAif 
I  should  tell  you  over  again  a  story  so  often  told  before— there  is  no  doubt  W 
Liobig's  manner  of  treating  the  subject  did  exert  an  immense  influence,  liystioB- 
lating  investigation,  by  finng  attention  on  tho  points  to  be  investigated,  and  os 
the  methods  that  must  be  followed,  and  thus,  by  loading  to  tho  ertablishmwtg 
the  correction  of  any  si)ecial  views  he  put  forward,  and  to  a  vast  extensiflBof 
our  knowled^  on  the  complicated  questions  involved. 

In  the  third  part  of  Liebig*8  second  volume  ho  treats  of  the  phenomeM  d 
motion  in  the  animal  organism.  It  is  to  his  views  in  regard  to  one  aspect  on^o' 
this  very  wide  and  very  complicated  subject,  that  I  propose  to  call  yonr  atfcenliw 
here,  as  it  is  chiefly  in  so  far  as  that  aspect  is  concemea  that  the  question  k  d 
interest  from  the  i)oint  of  view  of  the  agricultural  chemist.    He  says : — 

*  We  observe  in  animds  that  tho  converdon  of  food  into  blood,  and  the  coalerf 
of  the  blood  with  the  living  tissues,  are  determined  by  a  mechanical  fdcoe,  lAt^ 
manifestation  proceeds  from  distinct  organs,  and  is  efifeoted  by  a  distmot  tij^ 
of  organs,  ix)S8essing  the  property  of  communicating  and  extending  the  motioi 
which  they  receive.  We  find  the  power  of  the  ammal  to  diange  its  place  udiB 
produce  mechanical  eifects  by  means  of  its  limbs  dependent  on  a  seoond  maSM 
system  of  organs  or  apparatus.' 

He  points  out  that  the  motion  of  the  animal  fluids  proceeds  from 
organs  (as  for  example,  that  of  the  blood  from  the  heart),  which  do  not  § 
the  force  in  themselves,  but  recdvo  it  from  other  parts  Dy  moans  of  the  nsrvMi 
the  limbs  also  receive  their  moving  force  in  tho  same  way.  He  adds :  '  "Wm^ 
nerves  aro  not  found,  motion  does  not  occur.'    Again : — 

'  As  an  immediate^  effect  of  the  manifestation  of  mechanioal  foroe,  weseelW 

a  part  of  the  muscular  substance  loses  its  vital  properties,  its  chaxaeter  of  B>! 

that  this  portion  separates  from  the  living  part,  ana  loses  its  oapad:^  of  gM** 

and  its  power  of  resistance.    Wo  find  that  this  diange  of  properties  ta  "B?* 

pamed  by  tho  entrance  of  a  fordgn  "body  l^o^lS^  ^^  ^^  oumpodtifla  fliPj 

muscalar  Sbre,  .  . ;  and  all  expecienoe  pravoa  mki  V^  wncnaniaa.  ^llMl 


noBcdar  fibre  into  comx)ounds  destitute  of  vitality  is  accelerated  or  retarded 
according  to  the  amount  of  force  employed  to  produce  motion.'  He  adds  that  a 
npid  tiunKfoniiation  of  muAciilar  fibi*e  dctc'nninos  a  greater  amount  of  mcchiini- 
cJ  foivu,  and  that  convcirwjly  a  givutcr  amount  of  m(^:hanical  motion  determines 
a  more  rapid  chanpre  of  inattcT. 

'Th(?  fhanpix;  of  niattiT,  th<'  iiianifoKtation  of  iiiochaiiiad  force,  and  the  absorp- 
tion of  oxygfn,  arc,  in  the  animal  btnly,  so  clos<'ly  connoctod  vrith  each  other  that 
vcmav  consider  the  amount  of  motion  and  tlicf  qiiantity  of  living  tissue  trans- 
formed as  proportional  to  the  qimntity  of  oxygen  inspired  and  consumed  in  a 
girwi  time  by  the  animal/     Agtiin : — 

'The  production  of  heat  juid  the  change  of  matter  ai-e  closely  re]ate<l  to  each 
other;  but  although  heat  can  1)0  produced  in  tlmbody  without  any  change  of 
nttterin  living  tissues,  yet  the  chtinge  of  matter  cannot  be  supposed  to  take 
place  vithout  the  co-openition  of  oxvgen/ 

Further,  on  the  same  point : — *  Tfie  sum  of  force  available  for  mechanical  pur- 
'  poses  must  be  equal  to  tiie  sum  of  the  ^^tal  forces  of  all  tissues  adapted  to  the 
cbngc  of  matter.  If.  in  equal  times,  uneqmd  quantities  of  oxygen  are  consumed, 
the  result  is  obvious  in  an  unecjuiil  amount  of  heat  lil)erated,  and  of  mechanical 
tew.  "When  uncfjiud  amounts  of  met^hanic^al  foixi* are  oxiK'ndcid,  this  determines 
the  absorption  of  corresix)uding  and  unequal  quantities  of  oxygen.' 

Then,  more  definitely  still,  referring  to  the  changes  which  tiikos  place  coinci- 
dmtly  with  the  exeixdse  of  foi"ce,  and  to  the  demands  of  the  system  for  repair 
•cooidingly,  he  says  : — 

•  The  amount  of  azotised  food  necessary  to  restore  the  cquilibiium  between 
vasteand  supply  is  directly  propoi-tional  to  the  amount  of  tissues  metaniorphoscfl. 
The  amount  ox  uving  matter,  which  in  the  body  loses  the  condition  of  life,  is,  in 
e^nal  temperatures,  directly  pro])ortional  to  the  meclumictd  effects  ])roduceil  in  a 
pTcii  time.  The  amount  of  tissue  metamori)}iosed  in  a  given  time  may  be 
measured  by  the  quantity  of  nitrogen  in  the  urine.  The  simi  of  the  meclmnical 
(fleets  produced  in  two  individuals,  in  the  same  t4>m])erature.  is  ])roportionnl  to 
^  amount  of  nitrogen  in  their  urine,  whether  the  mechanical  force  has  been 
^plo^rcd  in  the  voluntary  or  involuntary'  motions,  whether  it  has  been  consumed 
hr  the  limbs  or  by  the  heart  and  other  visi:eni.' 

T!h\a,  apparently  influenced  by  the  physiologicid  considerations  which  have  been 

^Qccd,  and  notwithstanding  in  some  passages  hv.  seemed  to  recognise  a  connec- 

^betii-een  the  total  quantity  of  oxygen  inspired  and  consumed  and  the  quantity 

of  mechanical  force  develo})e<l.  Liebig  nevertheless  very  prominently  insistcKl  that 

tb  amount  of  muscular  tissue  tnmsf  ormed — the  amomit  of  nitrogenous  substance 

ondated — ^was  the  measure  of  the  force  generated.      He  accordingly  distinctly 

<^WB  the  conclusion  that  the  requirement  for  the  azotised  constituents  of  food 

^  be  increased  in  prox)oi*tion  to  the  increase  in  the  amount  of  ioTcn  expended. 

It  will  bo  obvious  that  the  question  whether  in  the  f (HKling  of  animals  for  the 

^tticise  of  mccdianical  force,  that  is,  for  their  labour,  the  demands  of  the  system 

^  be  proportionally  the  greater  for  an  increased  supi^ly  of  the  nitrogenous  or  of 

the  non-nitrogenous  constituents  of  food  is  one  of  considerable  interest  and 

piBctical  importance.    To  this  {>oint  I  shall  have  to  refer  further  on. 

So  far,  I  have  endeavoured  to  convey  some  idea  of  the  state  of  knowledge  on 
^  (object  of  the  chemistry  of  agriculture  prior  to  the  appearance  of  Liebig*s 
^  two  works  bearing  upon  it,  and  also  briefly  to  simimarise  the  vic^ws  he  then 
^UQciated  in  regard  to  some  points  of  chief  im]:>ortance.  Let  us  next  try  to 
^loertain  something  of  the  influence  of  his  teaching. 

Confining  attention  to  agricultural  research,  it  may  be  observed  that  in  1843 — 
^  is,  very  soon  after  the  api)earance  of  the  works  in  question — the  Koyal  Agri- 
^^thnnd  Society  of  England  hrst  apiK)inted  a  consulting  chemist.  At  that  ilate  Dr. 
^^  Playfair  was  elected;  in  1848,  Professor  Way;  and  in  18j8  Dr.  Yoeloker, 
^  oontinnes  to  hold  the  ofiice  with  much  advantage  to  that  uniou  oi  *  Prvvdic^ 
*<tt  SdmcB '  which  the  Sodvty  by  its  motto  recognises  as  ao  eaaeTL\AB^.io  y^otossa* 
J^o  J84S  thete  was  eatabliahed  the  Chemico-Agncnltaial  ^k>c^V>^  oi  r^fox^uaxA^ 
*w  mu^  I  bdiero,  hrokon  up,  after  it  had  existed  "bvitvfttealoAMc  wck!\^^^'3^»» 
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because  its  able  chemist,  the  late  Professor  Johnston,  failed  to  find  a  remedy  fa 
potato  disease.  In  1845,  the  Chemico-Agricultural  Society  of  Ulster  waiei 
lished,  and  appointed  as  its  chemist,  Professor  Hodges,  wlio  still  ably  perfi 
the  duti(;8  of  the  office.  Lastly,  the  very  numerous  *  Agricultural  Exytrim 
Htuliom'  which  have  bcon  established,  not  only  in  Genuany,  but  in  niostO 
iicntol  Stat(»s.  owe  thtar  origin  directly  to  the  writings,  the  teachings,  anc 
influenco,  of  Licbig.  The  movement  seems  to  have  orig^ated  in  Saxony,  i 
Stiickhnrdt  had  already  stimuhited  inteifst  in  the  subject  by  his  lectures  an 
writings.  After  some  coiTcspondence,  in  1850-1,  between  the  late  Dr.  Cr 
and  others  on  the  one  side,  and  the  Government  on  the  other,  the  first  so-c 
AffTicultnral  Exptriiufhtid  Stdtion  was  established  at  M(>ckem,  near  I^pii 
1Sj1-2.  In  1ST7,  the  twenty- fifth  anniversary  of  the  foimdation  of  that  inj 
tion  was  celebrated  at  Leipzig,  when  an  account  (which  has  since  bcenpuUi 
was  given  of  the  number  of  stations  then  existing,  of  the  number  of  che 
engaged,  and  of  the  subjects  which  had  been  investigated.  From  that  stati 
statement  we  leum  that  in  1877  the  number  of  stations  was : — 

In  the  vari(ms  German  States        .         .         .74 

In  Austria 1<> 

In  Italy 10 

In  Sweden 7 

In  Denmark 1 

In  Hussia 3 

In  Belgium    .......  3 

In  Holland 2 

In  Fi-ance 2 

In  S^-itzerland 3 

In  Spain 1 

Total       ....  1U»1> 

Besides  these  122  stations  on  the  Continent  of  Europe,  the  Uniteil  Stat4 
credited  with  1 ,  and  Scotland  also  with  1 . 

Each  of  these  stations  is  under  the  direction  of  a  chemist,  frequcntlv  wii 
or  iiion>  assistants.  One  special  duty  of  most  of  tliem  is  what  is  called  nu 
or  sef;d-or-f(»ediiig-stuff-control ;  that  is,  to  examine  or  analyse,  and  report 
such  substances  in  the  market ;  and  it  seems  to  have  been  found  the  inter 
dealers  in  these  commodities  to  submit  their  proceedings  to  a  certain  deg 
sujiervision  by  th(i  chemist  of  the  station  of  their  district. 

But  agricultural  research  has  also  been  a  characteristic  feature  of  these 
tutions.  It  is  statt^d  that  the  investigation  of  soils  has  bc*cn  the  prominent 
at  10  of  them  ;  experiments  with  mainires  at  24 ;  vegetable  physiology  i 
animal  i)hysiolog>'  and  feeding  exi)eriment8  at  20 ;  vine  culture  and  wine-n 
at  13;  fon'st  cidture  at  9;  and  milk -production  at  11.  Others,  accord 
their  locality,  have  devoted  special  attention  to  fruit  culture,  olive  cultui 
cultivation  of  moor,  bog,  and  peat  land,  the  production  of  silk,  the  manul 
of  spirit,  and  other  products. 

Nor  does  this  enumeration  of  the  institutions  established  as  the  direct  ic 
Liebig's  influence*,  and  of  the  subjects  investigated  under  their  auspices,  ooc 
the  list  either  of  the  workers  engaged,  or  of  the  work  accomplished  in  agiici 
research.  To  say  nothing  of  the  labours  of  Boussingault,  which  commcnoe 
years  piior  to  the  appearance  of  Liebig's  first  work,  and  which  are  fortunati 
at  the  service*  of  agriculture,  important  contributions  have  been  made  by  t 
Professors  Johnston  and  Andersonin  Scotland,  andin  this  country  both  by  M 
and  Dr.  Voelcker.  each  alike  in  his  private  capacity,  and  in  fulfilment  of  hii 
as  Chemist  to  the  Royal  Agricultural  Society  of  England.  Nor  would  it  be 
Mr.  Lawes  (who  commenced  experimentingfirstwitii  plants  in  pots,  and  aftfl 
in  thefield,  soon  after  entering  into  possession  of  hisproperty  in  1834,and  witfe 
I  ha  romysclf  been  associated  sinco  184'^"),  vf  ctq\  lo  owviVvn.  \\a&  '^Wm  any  n 
of  the  invcstigationa  which  have  been  «o  in»XKy  ^i»fra\ii\fto^5KNA^MdBi 
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8o  maoh  for  the  maclimery ;  but  what  of  the  results  achieyed  by  all  this 
otifity  in  the  application  of  chemistry  to  agriculture  ? 

As  I  haTe  already  intimated,  and  as  l^e  foregoing  brief  statistical  statement 
rill  have  convinced  you  must  be  the  case,  it  wiU  be  utterly  impossible  to  give, 
much  an  occasion  as  this,  anything  approaching  to  an  adequate  review  of  the 
foj^ress  achieved.  Indeed,  I  have  to  confess  that  the  more  I  have  looked  at  the 
ab]eet  with  the  hope  of  treating  it  comprehensively,  the  more  I  have  been 
Bodied  to  substitute  a  very  limited  plan  for  the  much  more  extended  scheme 
rbch  I  had  at  first  hoped  to  be  able  to  fill  up.  I  propose  then  to  confine  atten- 
kn  to  a  few  special  points,  which  have  either  some  connection  with  one  another, 
rto  which  recent  results  or  discussions  lend  some  special  interest. 

First  as  to  the  sources  and  the  assimilation  of  the  carbon,  the  hydrogen,  and 
lu  oxygen  of  vegetation.  From  the  point  of  view  of  the  agricultural  chemist, 
^hydrogen  and  the  oxygen  may  be  left  out  of  view.  For,  if  the  cultivator 
voride  to  the  plant  the  conditions  for  the  accumulation  of  sufficient  nitrogen 
Hid  carbon,  he  may  leave  it  to  take  care  of  itself  in  the  matter  of  hydrogen  and 
izygen.  That  the  hydrogen  of  the  carbo-hydrates  is  exclusively  obtained  from 
»i&,  is,  to  say  the  least,  probable;  ana  whether  part  of  their  oxygen  is 
^erired  from  carbonic  add,  and  part  from  water,  or  the  whole  from  either  of 
these,  will  not  affect  his  agricultural  practice. 

With  regard  to  the  carbon,  the  whole  tendency  of  subsequent  observations  is 
to  confirm  the  opinion  put  forward  by  De  Saussure  about  the  commencement  of 
the  century,  and  so  forcibly  insisted  upon  by  Liebig  forty  years  later — that  the 
peater  part,  if  not  the  whole  of  it,  is  derived  from  the  carbonic  acid  of  the  atmo- 
?>bere.  Indeed,  direct  experiments  are  not  wanting  —those  of  Moll,  for  example 
-from  which  it  has  been  concluded  that  plants  do  not  even  utilise  the  carbonic 
Mid  which  they  may  take  up  from  the  soil  by  their  roots.  However  this  may  be, 
we  may  safely  conclude  that  practically  the  whole  of  the  carbon  which  it  is  the 
object  of  the  cultivator  to  force  the  plants  he  grows  to  take  up  is  derived  from 
the  atmosphere,  in  which  it  exists  in  such  extremely  small  proportion,  but 
nevertheless  largo  actual,  and  constantly  renewed  amount. 

Judging  from  the  more  recent  researches  on  the  point,  it  would  seem  probable 
^the  estimate  of  one  part  of  carbon,  as  carbonic  acid,  in  10,000  of  air,  is  more 
ptobaUy  too  high  than  too  low  as  an  estimate  of  the  average  quantity  in  the 
unbient  atmosphere  of  our  globe.  And,  although  this  would  correspond  to 
leveial  times  more  in  the  column  of  air  resting  over  an  acre  of  land  than  the 
^"Bgetation  of  that  area  can  annually  take  up,  it  represents  an  extremely  small 
^BUnnt  at  any  one  time  in  contact  with  the  growing  plants,  and  it  could  only 
"office  on  the  supposition  of  a  very  rapid  renewal,  accomplished  as  the  result,  on 
the  one  hand  of  a  constant  return  of  carbonic  acid  to  the  atmosphere  by  combus- 
tion and  the  respiration  of  animals,  and  on  the  other  of  a  constant  interchange 
ttid  equalisation  among  the  constituents  of  the  atmosphere. 

It  will  convey  a  more  definite  idea  of  what  is  accomplished  by  vegetation  in 
^  assioiilation  of  carbon  from  the  atmosphere  if  I  give,  in  round  numbers,  the 
^^^tolts  of  some  direct  experiments  mode  at  Rothamstcd,  instead  of  making 
Rwienil  statements  merely. 

In  a  field  which  has  now  grown  wheat  for  thirty-seven  years  in  succession, 
^^  are  some  plots  to  which  not  an  ounce  of  carbon  has  been  returned  during 
^  whole  of  that  period.  Yet,  with  i)urely  mineral  manure,  an  average  of  about 
I|000  pounds  of  carbon  is  annually  removed  from  the  land ;  and  where  a  given 
'^Hmnt  of  nitrogenous  manure  is  employed  with  the  mineral  manure,  an  average 
^tbout  1,500  pounds  per  acre  per  annum  more  is  obtained  ;  in  all  an  average  of 
*bont  2,500  pounds  of  carbon  annually  assimilated  over  an  acre  of  land  without 
^Byretom  of  carbonaceous  manure  to  it. 

In  a  field  in  which  barley  has  been  grown  for  twenty-nine  years  in  succession, 
^IBite  accordant  residts  have  been  obtained.     There,  smaller  amounts  of  nitro- 
I^Kms  manure  have  been  employed  with  the  mineral  m&nucQ  t\:Axi  vcl  >3ci^  ^-k^rscv.- 
**^  with  wheat  above  cited;  hut  the  increase  in  t\io  VLsaaxmiAi^QTL  cA  cw^t^^^^"^ 
^^nm  Mmomit  of  nitrogen  supplied  in  the  manwrQ  ia  gicesAfcx  VsiVJbk'^  c»a»  ^*^  ^^^^^ 
meytban  of  the  wheat 
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With  sugar-boot,  agjiin,  larger  amounts  of  carbon  haw  biH»n  annually  accumu- 

latod  without  the  su))i)ly  of  any  to  the  soil,  but  under  the  influence  of  a  libera] 

l)ro\'isi()n  of  both  iiitio^^tiious  and  niinoRil  manure,  than  by  either  wheat  orbarliy. 

Lastly,    with   ^niss,    still   larger  anioinits  of    carbon  have  been  anuiialh 

accumulated,  witluait  any  supply  of  it  by  manure. 

Many  expcrimouts  have  lu'cn  made,  in  Germany  and  cLsewhei-e,  to  dctcnuim 
the  amount  of  the  diiVeri.'nt  constituents  taken  uj)  al  diflfei'ent  jx-riiKls  uflb» 
fj:i'owth  of  vai-ious  plants.  But  we  may  iX'fer  to  some  ma/le  at  Eoihauist^Ml  lou[ 
ago  to  illustrate  th<.'  ra]>i<lity  with  which  the  carbon  of  our  crops  may  he  i^ith- 
drawn  from  the  atmosphere. 

I  n  1  SIT,  wo  carefully  to<  »k  sjimplesfrom  a  growing  wheat  crop  at  different  stage 
of  its  ])rogress,  commencing  on  Juno  21,  and  in  these  samples  the  dr^-  matter,  tin 
mineral  matt<T,  the  nitrogi'u,  tVic,  were  detenuined.  On  each  occasion  the  product 
of  two  sc^parate  eighths  or  sixteenths  of  an  iuto  was  cut  and  weighed,  sothattlii 
data  were  provided  to  c;di:ulate  the  amounts  of  thesevenilconstituentJi  whicliluM; 
been  aecunnilated  per  ai^re  at  each  jK'riod.  Tht!  rcJSiUt  was  tlmt,  whilst  duiinf 
little  more  than  five  weeks  from  June  21,  there  Avas  conqwiratively  little  incrca« 
in  the  amount  of  nitrogen  accumulated  over  a  given  area,  more  than  half  the  tot& 
carl>on  of  the  crop  was  accumulated  during  that  jjcnod. 

Xumerous  experiments  of  a  somewhat  simil'ir  kind,  made  in  another  season 
iHoi).  con(;urred  in  showing  that,  whilst  the  carbon  of  the  crop  was  more  thai 
doubh'd  after  the  middle  of  Jun(\  its  nitrogen  increased  in  a  much  less  degrw 
over  the  same  period. 

Simihir  oxjieriments  were  also  made?,  in  IH'A  and  in  lSo6,  with  beau$.  Tl« 
generjd  result  was  that  a  smaller  jnoportion  of  l.)oth  the  total  nitrogen  andthototal 
carbon  was  accnmulate(l  by  the  middle  or  end  of  June  than  in  the  case;  of  the  wheat; 
though  the  aetual  amount  of  nitrogen  taken  up  by  the  beans  was  much  greater,  Ifotli 
})ef(»n.'  an<l  after  that  date.  The  nitrogen  of  this  legiuninous  croi)  incnMisC'd  iin 
much  greater  propoHinn  during  the  subsequent  stages  of  gi'owtli  than  did  that ul 
the  gramineous  ci'o}» ;  but  the  carbon  increas«'d  in  a  larger  proportion  still,  thrre* 
fourths  or  more  of  tlietotalamount  of  it  being  accumulated  aftertliemidfUeof  Juuc. 
I  should  say  that  d» 'terminations  of  carbon,  ma<lcin  sjimples  of  soil  t:ikcn  fn»ui 
the  wheat  tield  at  ditlerent  jx-riods  during  rcc^'iit  years,  indicnto  some  decline  in  the 
]  ereentage  of  carbon  in  the  soils,  but  not  such  as  to  lead  to  the  supposition  thatthi' 
soils  have  contributed  to  tlu?  (^arbon  of  the  croj^s.  Besides  the  amount  of  carbon 
annually  n.-moved,  there  will,  of  course,  be  a  further  accunmhition  in  the  stiibblf 
and  roots  of  the  crops:  and  the  redu(?tion  in  the  total  carbon  of  the  soil,  if  such 
have  n/ally  taki  n  place,  would  show  that  the  ainiual  oxichition  witliin  it  is 
greater  than  th(^  nnnual  gain  by  the  residue;  of  the  crops. 

Large  as  is  the  annual  ar.'cunndation  of  airbon  from  the  atmosphere  over  a  given 
area  in  the  cases  cited,  it  is  obvious  that  the  quantity  must  vjiry  exceedingly  with 
variation  of  clin^atal  conditions.  It  is,  in  fact,  several  times  as  groat  in  the  caseof 
tr»)i>ical  vegetation  that  of  the  sugar-cane  for  (wample.  And  not  only  is  the 
greater  part  of  the  assimilati(«n  accomplished  within  a  comiKiratively  small  portion' 
of  the  year  (varying  of  course  acconiing  to  the  region),  but  the  action  isliniiWfl 
to  the  houi's  of  daylight,  whil.st  during  (hirkntjss  there  is  nitlier  loss  tlian  gain. 

Ymi  it  is  remarkable  that  whilst  the  accumulation  of  carbon,  the  chief  gain  9^ 
soli«l  material,  takes  place  und«.T  the  influence  of  light,  cell-division,  e<?ll-multipli" 
cati«tn,  increjise  in  the  stru<'ture  of  the  plant,  in  other  words,  what,  as  distinguisBPO 
fi-om  assimilation,  vegt^tabh-  physiologists  designate  as  growth^  takes  x>hn^\  at  an)' 
rate  chieily,  dm*ing  the  night :  and  is  accompanied,  not  with  the  taking  up  *>» 
<arbonic  aci«l  and  the  yiehling  up  of  oxyp'U,  but  with  the  taking  up  of  oxygen  a^^ 
i\\v.  giving  up  <if  carbonic  a*  id.  This  e\olution  of  carlumic  acid  during  ihirkn*^ 
inu^r  obviously  be  extremely  .»imall,  compared  with  the  converse  action  dariitf 
<laylight,  e«iin«identally  witli  which  j>ractically  tin*  whole  of  tin?  accumulation^*' 
sc^lid  substance  is  accom]>li*!hed.  lint,  as  the  product  of  the  night  action  is  the 
sjime  as  in  the  respiration  of  animals,  this  is  ilistinguished  by  vegvtftW*' 
plij'sioluffists  as  tin*  rcs])iration  of  vlantn. 

/  sujfposv  I  shall  be  considered  a  ncreU^jill  vcttox^\»  %\Sk:g,'5jw^ 
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loae  inappropriate  to  apply  the  term  growth  to  that  whioh  is  associated  with 
ictoal  loss  of  material,  and  that  the  term  respiration  should  be  applied  to  so 
KooDclary  an  action  as  that  as  the  result  of  which  carbonic  acid  is  given  off  from  the 
phnt.  It  may,  I  think,  be  a  question  whether  there  is  any  advantage  in  thus  at- 
temping  to  establish  a  parallelism  between  animal  and  vegetable  processes ;  rathnr 
voddit  seem  advantageous  to  keep  prominently  in  view  their  contrasted,  or  at 
my  rate  complementary  characteristics,  especially  in  the  matter  of  the  taking 
up  of  carbonic  add  and  the  giving  up  of  oxygen  on  the  one  hand,  and  the  taking 
in  of  oxygen  and  the  giving  up  of  carbonic  acid  on  the  other. 

Bat  it  is  obvious  that  in  latitudes  where  there  is  comparatively  continuous  day- 
ligkt  daring  the  periods  of  vegetation,  the  two  actions — designated  respectivdy 
MBmilation  and  growth — must  go  on  much  more  simultaneously  than  where 
ihere  is  a  more  marked  alteration  of  daylight  and  darkness.  In  parts  of  Norway 
md  Sweden,  for  example,  where,  during  the  summer,  there  is  almost  continuous 
daylight,  crops  of  barley  are  grown  \nth  only  from  six  to  eight  weeks  intervening 
from  seed- time  to  harvest.  And  Professor  Schiibeler,  of  Christiania,  after  making 
obflervatioiis  on  the  subject  for  nearly  thirty  years,  has  recently  described  the 
duincteristics  of  the  vegetation  developed  mider  the  influence  of  short  summers 
witli  almost  continuous  light.  He  states  that,  after  acclimatisation,  many  gar- 
den flowers  increase  in  size  and  depth  of  colour ;  that  there  is  a  prevailing  tinge 
ofredin  the  plants  of  the  fjelds ;  that  the  aroma  of  fruits  is  increased,  and  their 
odbur  well  developed,  but  that  they  are  deficient  in  sweetness  ;  and  that  the 
derebpment  of  essential  oils  in  certain  plants  is  greater  than  in  the  same  plants 
grown  in  other  latitudes.  Indeed,  he  considers  it  to  be  an  established  fact  that 
^t  bears  the  same  relation  to  aroma  as  heat  does  to  sweetness. 

In  connection  with  this  question  of  the  characters  of  erowth  under  the  influence 
of  continuous  light,  compared  with  those  developed  with  alternate  light  and 
dirimess,  the  recent  experiments  of  Dr.  Siemens  on  the  influence  of  electric 
U^  on  vegetation  are  of  considerable  interest. 

In  one  series  of  experiments,  he  kept  one  set  of  plants  entirely  in  the  dark,  a  second 
1m  exposed  to  electric  light  only,  a  third  to  daylight  only,  and  a  fourth  to  day- 
light, and  afterwards  to  electric  lieht  from  5  to  1 1  p.m.  Those  kept  in  the  dark 
■OffQ^ed  a  pale  yellow  colour,  ana  died ;  those  exposed  to  electric  light  only, 
Bttintained  a  light  green  colour,  and  survived ;  those  exposed  to  daylight  were 
of  a  darker  green  c^our.  and  were  more  vigorous ;  and,  lastly,  those  submitted 
to  ^tematc  daylight  and  electric  light,  andbut  a  few  hours  of  darkness,  showed 
decidedly  greater  vigour,  and,  as  he  says,  the  green  of  the  leaf  was  of  a  dark 
rich  hue.  He  concluded  that  daylight  was  twice  as  effective  as  electric  liffht ; 
httt  that,  nevertheless,  *  electric  light  was  clearly  sufiideutly  powerful  to  form 
i^ilorophyll  and  its  derivatives  in  the  plants.' 

hi  a  second  series  of  experiments  one  group  of  plants  was  exposed  to  day- 
light alone ;  a  second  to  electric  light  during  eleven  nours  of  the  mght,  and  was 
^  in  the  dark  during  the  day ;  and  a  third  to  eleven  hours  day,  and  eleven 
hoots  electric  light.  The  plants  in  daylight  showed  the  usual  healthy  appear- 
*ooe ;  those  in  alternate  electric  light  and  darkness  were  for  the  most  part  of  a 
ligfatGr  colour ;  and  thosti  in  altemato  daylight  and  electric  light  far  surpassed 
^  others  in  darkness  of  green  and  vigorous  appearance  generally. 

I  have  carefully  considei-ed  these  general  descriptions  with  a  view  to  their 
hearing  on  the  question  whether  the  characters  developed  under  the  influence  of 
^ectiic  light,  and  especially  those  under  the  influence  of  almost  continuous  light, 
^more  prominently  those  of  assimilation  or  of  growth;  but  I  have  not  been  able 
^  oome  to  a  decisive  opinion  on  the  point.  From  some  conversation  I  had  with 
^*  Siemens  on  the  subject,  I  gather  that  the  characteristics  were  more  those  of 
daik  colour  and  vigour  tlian  of  tendency  to  great  extension  in  size.  The  dark  green 
^'^^  we  may  suppose  to  indicate  a  liberal  production  of  chlorophyll ;  but  if  the 
^Mh  of  colour  was  more  than  normal,  it  might  be  concluded  that  the  chlorophyll 
^  not  performed  its  due  amount  of  assimilation  work.  In  reg^j^dtotik^  ^\&X.^ 
^Btttion  may  be  called  io  the  fik;t  tliat  Dr.  Siemens  ref  qib  to  ^«  s^xmdda^n^  olV^<^ 
yktib»actuucrBy§ia  the  electric  arc,  conditions  wbicb  wouVjOL  iic^\»^  tRK^^^^oiKd 
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specially  to  favour  assimilation.  On  the  other  hand,  the  vi^pour,  nther  te 
onaraoteristic  extension  in  size,  would  seem  to  indioate  a  linutalioa  of  vbit  k 
technically  called  growth,  under  the  influence  of  the  almost  oantmnoiiB  li|^ 

Among  the  numerous  field  experiments  made  at  Rothamsted,  we  have  niij 
examples  of  sreat  variation  in  depth  of  green  colour  of  the  vegetatioii  gnmbg 
on  plots  side  by  side  under  known  differences  as  to  manuring ;  and  we  haie  abor 
dant  evidence  of  difference  of  composition,  and  of  rate  of  carbon-awnniktiM, 
ooincidently  with  these  different  snades  of  colour.  One  or  two  inftenoei  lill 
strikingly  illustrate  the  point  imder  consideration. 

There  are  two  plots  side  by  side  in  the  series  of  experiments  on  pemtaneBt  giM 
land,  each  of  which  received  during  six  consecutive  yearsprecisely  the  mneaminit 
of  a  mixed  mineral  manure,  induding  potass,  and  the  same  amount  of  mtvogsii 
the  form  of  ammonia  salts.  After  uiose  six  years,  one  of  the  two  plots  «■ 
still  manured  in  exactly  the  same  way  each  year;  whilst  the  other  was  so,  wiflkflM 
exception — ^namely,  the  potass  was  now  excluded  from  the  manure.  Oalwilsiini 
shows  that  there  was  a  ereat  excess  of  potass  applied  during  the  fint  mx  jmn\ 
and  there  was  no  marked  diminution  of  produce  during  the  five  or  six  yesii  ■^ 
ceeding  the  cessation  of  the  application.  But  each  year  subsequently,  np  to  ftfl 
present  time,  now  a  period  of  fourteen  years,  or  of  nineteen  smoe  the  exofaMi 
of  the  potass,  the  falling  off  in  produce  has  been  very  sreat. 

The  point  of  special  interest  is,  however,  that  all  but  identically  the  mm 
amount  of  nitrogen  has  been  taken  up  by  the  herbage  growing  with  the  deAcHM| 
of  potass  as  by  t^t  with  the  continued  supply  of  it.  ^e  odour  of  the  tcgetstiw 
with  the  deficiency  of  potass  has  been  very  much  darker  green  than  that  idth  til 
full  supply  of  it.  Nevertheless,  taking  the  average  of  the  eiffht  years  sooeeedin 
the  first  six  of  the  exclusion  of  the  x)ota8s,  there  has  been  near^  400  lbs.  IsMOHlMi 
assimilated  per  acre  per  annum ;  and  in  some  of  the  still  later  years  the  dsMwci) 
has  been  very  much  greater  than  this. 

We  have  here,  then,  the  significant  fact  that  an  eoual  amount  of  mtngnvi 
taken  up  in  both  cases,  that  cUorophyll  was  abimdantly  produced, but  that  tha  M 
amount  of  carbon  was  not  assimilated.  In  otiier  words,  ine  nitrogen  was  then,  ft 
chlorophyll  was  there,  there  was  the  same  sunlight  for  bom  plots ;  hat  ft 
assimilation-work  was  not  done  where  there  was  not  a  due  supply  of  potssh 

Again,  in  the  field  in  which  barley  has  now  been  grown  for  twenty-mns  }MB 
in  succession,  there  are  two  plots  whicn  have  annually  received  the  same  anoaiiio 
nitrogen — the  one  in  conjunction  with  salts  of  potass,  soda,  and  magnesia;  flnift 
other  with  the  same,  and  superphosphate  of  ume  in  addition,  ^le  plot  vilfcfli 
the  superphosphate  of  limo  tilwa,yn  maintains  a  darker  green  odour.  At  any  giM 
period  of  growth  the  dry  substance  of  €b.e  produce  would  undoubtedly  oouHi> 
higher  percentage  of  nitrogen;  but  therehasbeena  deficient  assimilationof  esriw 
amounting  to  more  than  500  lbs.  per  acre  per  annum,  over  a  period  of  t«fl4 
eight  years.  Here  again,  then,  the  nitrogen  was  there,  the  dilor^khyll  was  ftvi 
the  sunlight  was  there,  but  the  work  was  not  done. 

It  may  be  stated  generally  that,  in  comparable  cases,  depth  ol  green  odotfj 
not  beyond  a  certain  limit,  may  be  taken  to  indicate  coxresponaing  aotiriflyo 
carbon  assimilation ;  but  the  two  instances  cited  are  sufficient  to  show  that  V 
may,  so  far  as  the  nitrogen,  the  chlorophyll,  and  the  light  are  oonoemed,  hsvsft 
necessary  conditions  for  fuUas«unilation,butnotcorreepondingaotnalawinri!ith* 

It  cannot,  I  think,  fail  to  be  recognised  that  in  these  considerations  WB  ks* 
opened  up  to  view  a  very  wide  field  of  research,  and  some  of  the  points  iiiTol** 
we  may  hope  willreceivc  elucidation  from  the  further  prosecution  Si  Dr.  SiflBV^ 
experiments.  He  will  himself,  I  am  sure,  be  the  first  to  admit  that  what  hi  ki 
already  accomplished  has  done  more  in  raising  thanin  settlingimportantgoestii*! 
I  understand  that  he  proposes  to  submit  plants  to  the  action  of  uie  aepantsM 
of  his  artificial  light,  ana  the  results  obtained  cannot  fail  to  be  of  muchialiWjj 
But  it  is  obvious  tiiat  the  investigation  should  now  pass  from  its  prosont  hdtt|§ 
dbancter  to  that  of  a  stricUy  quantitative  enquiry.  We  ought  to  know  UBkm 
that,  under  given  conditions  as  toli|^ti  pluxXa  aoq^aorovi  ^m^  geeen  ooioar g 
sttmiit  maturity  much  earlier  than  uBi^ei  ottibma^  u^  Vm  XB&Ax'VBMHK^^riv 
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lated  in  each  case,  and  something  also  of  the  comparatiye  chemical  characters  of 
the  products.  As  between  the  action  of  one  description  of  light  and  another, 
and  as  between  the  greater  or  less  continuity  of  exposure,  we  ought  to  be  able  to 
form  a  judgment  whether  the  proi)or  balance  bf^tween  assimilation  on  the  one 
hand,  and  growth  and  proi>or  maturation  on  the  other,  has  beon  attained; 
whedier  the  plants  have  taken  up  nitrogen  and  mineral  matter,  and  produced 
chlorophyll,  m  a  gi-eater  degree  than  the  quantity  and  the  quality  of  the  light 
have  been  able  to  turn  to  account ;  or  whether  the  conditions  as  to  light  have 
heeniuch  that  the  processes  of  transformation  and  g:rowth  from  the  reserve 
material  provided  by  assimilation  have  not  been  normal,  or  have  not  kept  pace 
vith  the  production  of  that  material. 

Bntono  word  more  in  reference  to  Dr.  Siemens^s  residts  and  proposed  extension 
<rf  hii  enquiries.  Even  supposing  that  by  submitting  growing  crops  to  continuous 
fight  by  the  aid  of  the  ekictric  light  during  the  night,  they  could  be  brought  to 
Buitimty  within  a  period  shorter  than  at  present  approximately  in  proportion  to 
tiie  increased  number  of  hours  of  exposure,  the  estimates  of  the  cost  of  iUuminating 
the  vegetation  of  an  acre  of  land  certainly  do  not  seem  to  hold  out  any  hope  that 
agricolture  is  likely  to  derive  benefit  from  such  an  application  of  science  to  its 
Meds.  If,  however,  the  characters  of  growth  and  of  maturation  should  prove 
to  he  suitable  for  the  requirements  of  horticultural  products  of  luxury  and  high 
^mhe,  it  may  jMSsibly  be  otherwise  with  such  productions. 

The  above  considerations  obviously  suggest  the  question :  What  is  the  office 
d  chlorophyll  in  the  processes  of  vegetation  ?  Is  it,  as  has  generally  been 
MRimed,  confined  to  enBctin^,  in  some  way  not  yet  clearly  understood,  carbon 
uamilation,  and,  this  done,  its  function  ended  ?  Or  is  it,  as  Pringsheim  has 
nooitly  suggested,  chiefly  of  avail  in  protecting  the  subjacent  cells  and  their 
flooteats  from  those  rays  of  light  which  would  be  adverse  to  the  secondary 
isQQesfles  which  have  been  distinguished  as  growth  ? 

Apiiii^**s^te  as  it  would  seem  that  I  should  attempt  to  lay  before  you  a  risum^ 
of  lenuts  Dearing  upon  the  points  herein  involved,  so  numerous  and  so  varied  have 
^  the  investigations  whidi  have  been  undertaken  on  the  several  branches  of  the 
^iMstion  in  recent  years,  that  adequately  to  discuss  them  would  occupy  the  whole 
tone  and  space  at  my  disposal.  I  must  therefore  be  content  thus  to  direct  atten- 
te  to  the  subject  and  pass  on  to  other  points. 

It  has  been  shown  that  the  plant  may  receive  abundance  of  nitrogen,  may  pro- 
^  abundance  of  chlorophyll,  and  may  be  subject  to  the  influence  of  sufficient 
fig^  and  yet  not  assimilate  a  due  amount  of  carbon.  On  the  other  hand,  it  has 
mm  seen  uia,t  the  mineral  constituents  may  be  liberaJly  provided,  and  yet,  in  the 
•hsenoe  of  a  sitfficient  supply  of  nitrogen  in  an  available  condition,  the  deficiency 
in  the  asomilation  of  carbon  will  be  sW.  greater.  In  fact,  assuming  all  the  other 
j^soeasary  conditions  to  be  provided,  it  was  seen  that  the  amount  of  carbon  assimi- 
'ited  depended  on  the  available  supply  of  nitrogen. 

In  a  certain  general  sense  it  may  be  said  that  the  success  of  the  cultivator  may 
he  measured  by  the  amount  of  carbon  he  succeeds  in  accumulating  in  his  crops. 
^  as,  other  conditions  being  provided,  the  amount  of  carbon  assimilated 
^Bpends  on  the  supplv  of  nitrogen  in  an  available  form  within  the  reach  of  the 
{>^t8,  it  is  obvious  that  the  question  of  the  sources  of  the  nitrogen  of  vegetation 
^one  of  first  importance.  Are  they  the  same  for  all  descriptions  of  plants  'f  Are 
«ey  to  be  sought  entirely  in  the  soil,  or  entirely  in  the  atmosphere,  or  jiartly  in 
the  one  and  partly  in  the  other  ? 

These  are  questions  which  Mr.  Lawes  and  myself  have  discussed  so  frequently 
7«tit  might  seem  some  apology  was  due  for  recurring  to  the  subject  here,  espe- 
^*&7a8 1  referred  to  it  in  some  of  its  aspects  before  this  Section  at  the  Sheflield 
**eting  last  year.  But  the  subject  still  remains  one  of  first  importance  to  agri- 
'■Hore,  and  it  could  not  be  omitted  from  consideration  in  such  a  review  as  I  have 
'^'^ertaken  to  give.  Moreover,  there  are  some  points  connected  with  it  still  un- 
^^M,  and  some  still  disputed. 

It  will  be  lememhered  that  De  Saussure*8  conclu^on  ^aa  \i)i[^\i  '^bxl\;&  ^^xtcX. 
^f^mikte  the  tree  or  uncombined  nitrogen  of  the  atnio«^\ieTO>  «&i^  V2(a^»  HJds^ 
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derived  their  nitro^on  from  the  compounds  of  it  cxistm^  in  the  atmospbeiv,  and 
osiK'ciall y  in  the  soil.  Liebi^,  too,  conchided  that  plants  do  not  assiinilate  nitrogen 
from  the  store  of  it  existinfi^  in  tlie  free  or  uncoinV)ined  state,  but  that  ammonia 
WHS  their  main  source,  and  he  assumed  the  amount  of  it  annually  coming  down 
in  rain  to  be  much  more  thiiu  we  now  know  t^)  Ix?  the  case. 

Referring  to  our  previous  ^wqwrs  for  full  details  respecting  most  of  the  pointf 
in  question,  I  will  states  as  briefly  as  I  ctm.  the  main  fact^  known — iirst  in  rpgard 
to  the  amount  of  tlie  measunible,  or  as  yet  measun'd,  annual  dejHisition  of  iim- 
bined  nitrogen  from  tlic  atmosphere;  andscM-ondly  as  to  the  amount  of  nitmpen 
annually  assinnlat«'d  over  a  given  an^a  by  dift'erent  crox>s — so  that  some  judgmmt 
may  b<?  fornuMl  as  to  whtither  the  measured  atniosi»heric  sources  are  sufficient  for 
the  requirements  of  ttgi-icultural  production,  or  whether,  or  where,  we  must  look 
for  other  su])plics  !" 

First,  as  to  the  amount  of  combined  nitrogen  coming  downi  as  amuiuuiaand 
nitritr  acid  in  the  m(»asurcd  aqueous  d<»posit8  frtnn  the  atmo8pherc\ 

Judging  from  the  results  of  determinations  made  many  years  ago,  ])artlyl»y 
Mr.  Way,  and  i»artlv  by  oursi'lves,  in  the  rain,  &c.,  coll(»cted  at  Rothamsted ;  from 
the  results  of  numerous  dct«Tniinations  made  much  more  n»cently  by  ProfwKiT 
Franklaml  in  the  d(»]»osits  collectfKl  at  Rothamsted,  and  also  in  rain  collwlM 
elsewhore  ;  fr«)ni  the  results  obtained  by  Brai^^singault  iu  Alsace  ;  fn.>m  thosiMi! 
Marie-Davy  at  the  Meteorological  ()bservat«)ry  at  Mont.souris,  Paris;  and  fn>in 
those  of  many  otlu'rs  niM<le  in  France  and  i'-rmany  we  cuneludtvi,  some  year* 
ago,  that  the  nnnjunt  of  cnnibined  nitrogen  aniuudly  s«.»  coming  doA\ni  fromtbf 
atmospheii.^  would  not  exceed  S  or  10  lbs.  jht  acre  i>er  annum  in  the  oj^cn  couutn 
in  Western  EuroiK'.  Subsequent  records  would  lead  to  the  conclusion  thatthij 
estimate  is  more  ]irobably  to(»  high  than  too  low.  And  here  it  may  be  mcntiontHJ 
in  ]«issing.  that  numerous  det^'rminations  of  the  nitric  acid  in  the  drainage  watfi 
collected  from  land  at  Rotluimst^'d,  which  had  been  many  years  umnanun.'d.iiidi(iiti 
that  there  may  be  a  ernisiderable  annual  h)ss  by  the  soil  in  that  way  ;  indeed, 
probably  sometimes  nnn.li  more  than  the  amount  estimated  to  be  annually  avail- 
able from  the  measun-d  aqueous  de])Osits  from  the  atmosphere. 

Tt  should  be  observed,  however,  thatth(^  amount  of  combined  nitrogen,  espeiiiillj 
of  ainnumia,  is  very  much  greater  in  a  given  volume  of  the  minor  aqueous  deposit? 
than  it  is  in  rain  :  an«l  there  can  be  no  doubt  that  there  would  be  more  depo«t<^ 
within  the  jnires  of  a  given  aiva  of  soil  than  on  an  equal  ai*ca  of  the  non-]K»P»U! 
even  surface  of  a  rain-gauge.  IIuw  nnu'h,  however,  mightthus  lx»  available In'yonf 
that  determined  in  the  rollected  and  measured  aqueous  deposits,  the  existing 
evidence  does  not  atVord  the  means  of  estimating  with  any  certainty. 

The  next  ])oint  to  consi<ler  is — What  is  the  amount  of  nitrogen  annuaUy  ob* 
tainted  ovc^r  a  given  area,  in  dift'ei-ent  crops,  when  they  are  grown  M-ithout  an) 
Mip])ly  of  it  in  manure  r  The  field  exjicriments  at  Rothamsted  .supply  iini>ortau^ 
data  relating  to  this  subject. 

Thus,  ovi'r  a  |M'riod  of  :i'J  years  (up  t^)  ISToinclnsivtr),  wheat  yieldtni  an  avowg^ 
of  'JO'T  lbs.  of  nitrogen  ]»er  acre  ]K'ramnim,  without  anymimure  ;  buttheanniul 
jield  has  di'clined  fi-om  an  avenigi*  of  m<ire  than  2'}  lbs,  over  the  first  S,  to  h^s  thaP 
1<>  lbs.  over  the  last  I'J,  of  thosi'  .'I'J  years;  and  the  yield  (it  is  true  \i-ith  senenil 
bad  sejisons).  has  been  still  lesssinct?. 

Over  a  jicriod  »»t'  'Jl  years,  barley  yielded  \H'',',  lbs,  of  nitrogen  )it»r  uon'  pw 
annum,  without  any  manun.';  with  a  decline  from  22  lbs.  ovi*r  thetirst  12.  to  only 
14"l)  lbs.  over  the  next  12  years. 

With  neither  wheat  nor  barley  did  a  eomjdex  mineral  manure  at  all  matoriaMy 
increase  the  yi«'ld  of  nitrogen  in  the  crops. 


average 

over  the  thst  s  years,  tt)  only  Vi'l  lbs.  (in  sugar  beet)  over  the  last  5  of  the  31 
years ;  bnt  it  has  risen  somewhat  during  (he  sub.^quent  4  years,  with  a  cbmgc 
of  crop  to  mangolds. 


17 

With  the  leguminous  crop,  beans,  there  was  obi  lined,  over  a  period  of  24  yeal^, 
U*3  lbs.  of  nitrogen  per  acre  per  anniun  without  any  manure,  and  45*5  lbs.  with 
ft  oomplex  mineral  manure,  including  potass  fbut  without  nitrogen).  Without 
manure  the  yield  declined  from  48*1  lbs.  over  tne  first  12  years  to  only  14 '6  lbs. 
over  the  last  12;  and  with  the  complex  mineral  manure  it  declined  from 
61-5  lbs.  over  the  first  12,  to  29*5  lbs.  over  the  last  12,  years  of  the  24. 

Again,  an  ordinary  rotation  of  crops — of  turnips,  barley,  clover  or  beans, 
wd  wheat — gave  over  a  period  of  28  years  an  average  of  36*8  lbs.  of  nitrogen 
per  acre  per  annum  without  any  manure,  and  of  45' 2  lbs.  with  superphosphate 
of  lime  alone,  applied  once  every  four  years,  that  is  for  the  root  crop.  Both 
without  manure,  and  with  superphosphate  of  lime  alone,  there  was  a  consider- 
ible  decline  in  the  later  courses. 

A  Tery  remarkable  instance  of  nitrogen  3rield  is  the  following — ^in  which  the 
results  obtained  when  barley  succeeds  barley,  that  is  when  one  gramineous  crop 
niooeeds  another,  are  contrasted  with  those  when  a  leguminous  crop,  clover, 
intervenes  between  the  two  cereal  crops.  Thus,  after  the  growth  of  six  grain 
wmin  succession  by  artificial  manures  alone,  the  field  so  treated  was  divided, 
mo,  in  1873,  on  one  half  barley,  and  on  the  other  half  clover,  was  grown.  The 
biriey  yielded  37*3  lbs.  of  nitrogen  per  acre,  but  the  three  cuttings  of  clover 
fielded  151*3  lbs.  In  the  next  year,  1874,  barlev  succeeded  on  both  the  barley 
ad  the  clover  jMrtions  of  the  field.  Where  barley  had  previously  been  grown, 
md  had  yielded  37*3  lbs.  of  nitrogen  per  acre,  it  now  yielded  39*1  lbs. ;  but 
idiero  the  clover  had  previously  been  grown,  and  had  yielded  151*3  lbs.  of 
ntit)gGn.  the  barley  succeeding  it  gave  69*4  lbs.,  or  30*3  lbs.  more  after  the  removal 
rf  151'3  lbs.  in  clover,  than  after  the  removal  of  only  37*3  lbs.  in  barley. 

Kor  was  this  curious  result  in  any  way  accidental.  It  is  quite  consistent  with 
tpicultoral  experience  that  the  growth  and  removal  of  a  highly  nitrogenous 
cgnminous  crop  should  leave  the  land  in  high  condition  for  the  growth  of  a  grami- 
uouscom  crop,  which  characteristically  requires  nitrogenous  manuring;  and  the 
Ictenninations  of  nitrogen  in  numerous  samples  of  the  soil  taken  from  the  two 
^wste  portions  of  the  field,  after  the  removal  of  the  barley,  and  the  clover, 
I^^Kctively,  concurred  in  showing  considerably  more  nitrogen,  especially  in  the 
uvt  9  inches  of  depth,  in  the  samples  from  the  portion  where  the  clover  had  been 
[town,  than  in  those  from  the  portion  whence  the  barley  had  been  taken.  Here, 
W,  the  surface  soil,  at  any  rate,  had  been  considerably  enriched  in  nitrogen  by 
^growth  and  removal  of  a  very  highly  nitrogenous  crop. 

lastly,  clover  has  now  been  grown  for  twenty-seven  years  in  succession,  on  a 
inallplot  of  garden  ground  which  had  been  under  ordinary  garden  cultivation  for 
>t)bably  two  or  throe  centuries.  In  the  fourth  year  after  the  commencement  of  the 
xperiment,  the  soil  was  found  to  contain,  in  its  upper  layers,  about  four  times  as 
^  nitrogen  as  the  farm-arable-land  surrounding  it;  and  it  would  doubtless  bo 
Qitespondingly  rich  in  other  constituents.  It  is  estimated  that  an  amoimt  of  nitro- 
tthasbeen  removed  in  the  clover  crops  grown,  corresponding  to  an  average  of  not 
IT  short  of  two  hundred  pounds  per  acre  per  annum  ;  or  about  ten  times  as  much 
*  in  the  cereal  crops,  ana  several  times  as  much  as  in  any  of  the  other  crops, 
ttminff  on  ordinary  arable  land ;  and,  although  the  yield  continues  to  be  very 
^,  tihere  has  been  a  marked  decline  over  the  second  half  of  the  period  compared 
'iu  the  first.  Of  course,  calculations  of  the  produce  of  a  few  square  yards  into 
^tities  per  acre  can  only  be  approximately  correct.  But  there  can  at  any  rate 
eno  doubt  whatever  that  the  amount  of  nitrogen  annually  removed  has  been 
^  groat ;  and  very  far  beyond  what  it  woidd  be  possible  to  attain  on  ordinary 
^we  land ;  where,  ind*)ed,  we  have  not  succeeded  in  getting  even  a  moderate 
^^f^rih  of  clover  for  more  than  a  very  few  years  in  succession. 

One  other  illustration  should  be  given  of  the  amounts  of  nitrogen  removed  from 
^en  area  of  land  by  different  descriptions  of  crop,  namely,  of  the  results 
^'tkbiod  when  plants  of  the  gramineous,  the  leguminous,  and  other  families,  are 
^'■nring  together,  as  in  the  mixed  herbage  of  grass-land. 

It  is  neoessaxy  here  to  remind  you  that  gramineous  crops  grown  separately  on 
^huQid,  siicha«  wheat,  barley,  or  oats,  contain  a  comparatively  small  peroeata;^ 
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of  nitrogen,  anrl  ussimilato  a  comparatively  small  amount  of  it  over  a  given  atw. 
Yet,  nitrogenous  luanun.'s  have  generally  a  very  striking  efFcct  in  increasin^tbe 
growth  of  such  crops.  The  highly  nitrogenous  leguminous  crops  (such  jishwms 
and  clover),  on  the  other  hand,  yield,  as  has  been  8i>en,  very  much  more  nitrogt?n 
over  a  given  areii,  and  yet  they  ai-e  by  no  mejins  chanicteiistically  bonofitedby 
direct  nitrogenous  manuring ;  whilst,  as  has  been  shown,  their  growth  is  con- 
sidc^nibly  increased,  and  they  yield  considerably  more  nitrogtm  over  a  gircft 
area,  under  thv  infiuenco  of  pui-ely  mineral  manures,  and  espedally  of  potass 
manures.  Bearing  tlies(<  facts  in  mind,  the  following  n^sults,  obtained  on  the 
mixed  herbage;  of  gntss  land,  will  be  seen  to  be  quite  consistent. 

A  plot  of  such  mixed  herbage,  left  entirely  unmanured,  gave  over  twenty 
yi»ars  an  average  of  3'J  pounds  of  nitrogen  per  acre  per  annum.  Over  the  some 
period  another  jdot,  which  receive*!  annually  a  complex  mineral  numure,  includ- 
ing potiiss,  during  the  first  six  yi'ars,  but  excluding  it  during  the  last  fourtren 
years,  yielded  iCyli  lbs.  of  nitrogen ;  whilst  anotluT,  which  received  the  luixo'l 
min(»ral  manure,  including  potass,  every  year  of  the  twenty,  yielded  o'yi\  Ihs.  of 
nitrogen  per  acre  per  annum.  "Without  manure,  there  was  some  decline  of  yicW 
in  the  hiter  years;  with  th«»  j)artial  mineral  manuring  there  was  :i  gr»)at?r 
ilecline ;  l>ut  with  th«.*  complete  minenil  manuring  throughout  the  whole  peri')*!, 
there  was  (.'ven  some  incre.'is«i  in  the  vii'ld  of  nitrogen  in  the  lat*;r  vears. 

Now,  the  herbage  growing  >vitlioiit  manure  comprisi'd  about  fifty  Rinxnoi 
representing  about  twenty  natunil  families :  that  growing  with  the  limited 
supply  of  potass  comprised  fewer  species,  but  a  hirger  amount  of  the  pnxlucc. 
es])ecially  in  the  earlier  years,  consist(;d  of  leguminous  species,  and  the  yifW  of 
nitrogen  was  greater.  Lastly,  the  plot  receiving  ])otass  every  year  yielded  still 
more  leguminous  herbage,  and,  accordingly,  still  more  nitrogen. 

Tlu?  nu)st  striking  jioints  brought  out  by  the  foregoing  illustrations  are  the 
following: — 

Fii-st.  Witliout  nitrogenous  manure,  the  gramineous  crops  annually  jieldcd. 
for  many  years  in  succc^ssion,  much  moix?  nitrogen  over  a  given  area  than  is 
(w^counted  for  by  the  amount  of  combined  nitrogen  annually  coming  down  in  the 
lueasun^d  aqueous  deposits  from  the  atmosphere, 

Sec«.)nd.  The  root  crops  j-ielded  more  nitrogen  than  the  cereal  crops,  aud  the 
leguminous  crops  very  much  more  still. 

Third.  Tn  all  cns»"«  -whether  of  cereal  crojis,  root  crops,  leguminous  croj)S,  oi 
a  rotation  of  crops  titr  tfccli'nr  in  the  unnmd  yithl  af  nitr<*tjcny  when  mme  «w< 
i*lij>2)liriiy  ini8  rirtf^grrnt. 

How  are  these  results  to  be  explain(?d  !"  Whence  com(\s  the  nitrogni!'  snc 
espei'ially  wheiu:e  counts  the  much  larger  amount  taken  \\\^  by  plants  ef  th' 
leguminous  and  some  other  famili<'S,  than  by  the  gramineie  'r  Ana,  lastly,  wh«^ 
is  the  significance  of  tht?  great  detdine  in  the  yield  of  nitrogen  in  all  the  cn»p 
when  none  is  .sui>i>lied  in  the  manured 

Many  explanations  have  been  ottertMl.  It  has  been  assumed  that  the  eomliinc* 
nitrogen  annually  <'omiiig  down  from  the  atmospheix^  is  veiy  much  hirgcr  thai 
AVe  have  estiuiated  it.  and  that  it  is  sufficient  for  all  the  requirements  of  annjw 
growth.  Tt  has  bi'cn  supjjosed  that  '  broad-leaved  plants '  have  the  jk) wer  of  tukin} 
up  nitrogen  in  some  form  from  the  atmosph<*re,  in  a  degnx.*,  or  in  a  mamier,  no 
possessed  by  th(»  narrow-leaved  graminea\  It  has  been  argued  that,  in  the  la* 
stag«»s  of  tlie  decomposition  of  organic  matter  in  the  soil,  hydrogi*n  is  evolvi'd 
an<l  tliat  this  nascent  hydrogen  combines  \\-ith  the  free  nitrogen  of  the  atmo« 
jdiere,  and  so  forms  ammonia.  It  has  been  suggested  that  ozone  mayboevojlw 
ill  the  oxidation  of  organic  nuitter  in  thi?  soil,  and  that,  uniting  AWth  frec»  niti^ 
gen,  nitric  acid  would  be  jn'oduced.  Lastly,  it  has  by  .«5ome  been  ccmeludedtha 
plants  assimilate  the  free  nitrogen  of  the  atmosjdieiv,  and  that  some  descriptitJD 
are  abb'  to  do  this  in  Ji  greater  degree  than  others. 

We  have  discussed  these  v.irious  points  on  mon*  than  one  occntnon ;  and  * 
have  ffivvn  oiir  n*asons  f«)r  concluding  that  none  of  the  explanations  cnumenite' 
aui  b(.'  titkon  as  accounting  for  the  iiujts  o<  g^ovfV^v. 

Contining  attoutiun  hereto  thcq\\oatio\\oil\iViVJb*«im'^\SH^ 
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lUnts,  it  is  obvious  that,  if  this  were  established,  most  of  our  difficulties  would 
uush.  This  question  has  been  the  subject  of  a  great  deal  of  experimental  en* 
uixj,  from  the  time  that  Boussingault  entered  upon  it,  about  the  year  1837,  nearly 
p  to  the  present  time.  About  twenty  years  ago  it  was  elaborately  investigated  at 
U^mstod.  In  publishing  the  rosidtis  of  that  iuqiiiry,  those  of  others  relating 
0 it  were  fully  discussed;  and  although  the  recorded  evidence  is  aduiittedly  very 
onflicting,  we  then  came  to  the  conclusion,  and  still  adhere  to  it,  that  the  balance 
i  the  direct  experimental  evidence  on  the  point  is  decidedly  against  the  sup* 
•ocition  of  the  assimilation  of  free  nitrogen  by  plants.  Indeed,  the  strongest 
ignment  we  know  of  in  its  favour,  is,  that  some  such  explanation  is  wanted. 

Kot  only  is  the  balance  of  direct  experimental  evidence  against  the  assump- 
ion  that  plants  assimilate  free  or  uncombined  nitrogen,  but  it  seems  to  us  that 
he  halanoe  of  existing  indirect  evidence  is  also  in  favour  of  another  explanation 
•four  difficulties. 

I  have  asked  what  is  the  significance  of  the  gradual  decline  of  produce  of  all 
he  di£f(erent  crops  when  continuoiisly  grown  without  nitrogenous  manure  Y  It 
tnnot  he  that,  m  growing  the  same  crop  year  after  year  on  the  same  land,  there 
>  uy  residue  left  in  the  soil  that  is  injurious  to  the  subsequent  growth  of  the  same 
iMcription  of  crop ;  for  (excepting  the  beans)  more  of  eacn  description  of  crop  has 
iBoa  grown  year  after  year  on  the  same  land  than  the  average  yi^d  of  the  country 
kthuve  under  ordinary  rotation,  and  ordinary  treatment— provided  only,  that 
vitiUe  soil-conditions  were  supplied.  Nor  can  the  diminishing  produce,  and  the 
liiDimshing  yield  of  nitrogen,  bo  accounted  for  on  the  supposition  that  there  was  a 
Itfident  supply  of  available  mineral  constituents  in  the  soil.  For,  it  has  been 
hown  that  tne  cereals  yielded  little  more,  and  declined  nearly  as  mucii  as  with- 
iit  iQiinure,  when  a  complex  mineral  manure  was  used,  such  as  was  proved  to  be 
^uate  when  available  nitrogen  was  also  supplied.  So  far  as  the  root  crops  are 
moemed,  the  yield  of  nitrogen,  though  it  declined  very  much,  was  greater  at  first, 
Ad  on  the  average,  than  in  the  case  of  the  cereals.  As  to  the  leguminossB,  which 
eqoire  so  much  nitrogen  from  somewhere,  it  is  to  be  observed  that  on  ordinary 
Ahle  land  the  yield  has  not  been  maintained  under  any  conditions  of  manuring ; 
•od  the  decline  was  nearly  as  marked  with  mineral  manures  as  without  any 
Dtture.  Compared  with  the  growth  of  the  leguminossB  on  arable  land,  the 
Qnarkable  result  with  the  garden  clover  would  seem  clearly  to  indicate  that  the 
loeition  was  one  of  soil,  and  not  of  atmospheric  supply.  And  the  fact  that  all 
he  other  crops  will  yield  full  agricultural  residts  even  on  ordinary  arable  land, 
'hen  proper  manures  are  applied,  is  surely  verv  strong  evidence  that  it  is  with 
hem,  too,  a  question  of  soil,  and  not  of  atmospheric  supply. 

Bat  we  have  other  evidence  leading  to  the  same  conclusion.  Unfortunately 
^  have  not  reliable  samples  of  the  soil  of  the  different  experimental  fields  taken 
t  the  commencement  of  each  series  of  experiments,  and  subsequently  at  stated 
iiteryals.  We  have,  nevertheless,  in  some  cases,  evidence  sufficient  to  ^ow 
whether  or  not  the  nitrogen  of  the  soil  has  suffered  diminution  by  the  continuous 
!ioirth  of  the  crop  without  nitrogenous  manure. 

Thus,  we  have  determined  the  nitrogen  in  the  soil  of  the  continuously  unma- 
'imd  wheat  plot  at  several  successive  periods,  and  the  results  prove  that  a  gradual 
eduction  in  tne  nitrogen  of  the  soil  is  going  on ;  and,  so  far  as  we  are  able  to  forma 
od^iment  on  the  point,  the  diminution  is  approximately  equal  to  the  nitrogen  taken 
^mcrops;  and  tneamountestimatedtobereceivedintlieannualrainftdlisapproxi- 
D^y  balanced  by  the  amount  lost  by  the  land  as  nitrates  in  the  drainage  water. 

la  the  case  of  the  continuous  root-crop  soil,  on  which  the  decline  in  the  yield 
''lutrogen  in  the  crop  was  so  marked,  the  percentage  of  nitrogen,  after  the 
^eriment  had  been  continued  for  twenty-seven  years,  was  found  to  be  lower 
*&re  no  nitrogen  had  been  applied  than  in  any  other  arable  land  on  the  farm 
*hich  has  been  examined. 

In  the  case  of  the  experiments  on  the  mixed  herbage  of  grass  land,  the  soil  of 
^  plot  which,  under  the  influence  of  a  mixed  minem.  m&SLXkx^^  m^i^^^Sk^ 
^Qtiii,  had  yielded  such  a  large  amount  of  legumixiouB\ieTba|^Q^  uiAvviOdl  «l.^B3:^ 
^^poat  o/mtrqgen,  showed,  after  twenty  years,  a  oonaidonraX^l^  \o^^  ^gRscsisB^ 
^oimtrogen  than  that  of  any  other  plot  in  the  aciica. 


Lastly,  detenninations  of  nitrogen  in  the  mrdansoflwl^^ 
nitrogen  in  dovor,  made  in  samples  oolleoted  in  the  fourth  and  the  twnftf -ailh 
years  of  the  twenty-seven  of  the  experiments,  showaTorylaxaediniiniiiioiiiaAi 
percentage  of  nitrogen.  The  diminution,  to  the  dejith  of  9  inohet  only,  loywti 
approximately  three-fourths  as  much  as  the  amount  estimated  to  bo  tahoa  ontm 
the  clover  during  the  intorveuing  period ;  and  the  indioation  is,  that  then  hM 
been  a  considerable  reduction  in  tbe  lower  depths  also.  It  is  to  be  sapponi 
however,  that  thoro  would  be  loss  in  other  ways  than  by  the  crop  alone. 

I  would  ask,  Have  we  not  in  these  facts— that  full  amounts  of  the  diflsRik 
crops  can  bo  grown,  provided  nropcr  soil-conditions  are  supplied;  that  wiftont 
nitrogenous  maniure  the  yield  of  nitrogen  in  the  crop  rapidly  decKnes ;  ni 
that,  coinddently  with  this,  there  is  a  decline  in  the  peioentage  of  nitronai  k 
the  soil — have  wo  not  in  these  facts,  cumulative  evidence  pointing  to  the  nlf 
rather  than  to  the  atmosphere,  as  the  source  of  the  nitrogen  of  our  uropi  !* 

In  reference  to  this  point,  I  may  mention  that  the  ordinazy  azaSle  soil  it 
Bothamstcd  may  be  estimated  to  contain  about  3,000  lbs.  of  nitrQgen  per  aosii 
the  first  9  inches  of  depth,  about  1,700  lbs.  in  the  second  9  inohea,  and  abonl 
l,oOO  lbs.  in  the  third  9  inches — or  a  total  of  about  6,200  lbs.  -pet  acre  to  tkt 
depth  of  27  inches. 

In  this  connection,  it  is  of  interest  to  state  that  a  sample  of  Ozfoid  ckji 
obtained  in  the  sub- Wealden  exploration  boring,  at  a  depth  of  between  M  sh 
600  feet  (and  which  was  kindly  given  to  me  by  the  President  of  the  AnorfaHns, 
Professor  Ramsay,  some  years  ago),  showed,  on  analysis  at  Botfaamated,  apnoi^ 
mately  the  same  percentage  of  nitrogen  as  the  subsoil  at  Botfaamited  tan  to 
the  depth  of  about  4  feet  only. 

Lastly,  in  a  letter  received  from  Boussingault  some  years  ago,  referring  to  Ab 
sources  whence  the  nitrogen  of  vegetation  is  derived,  he  says  :— 

*  From  the  atmosphere,  because  it  fumiahes  ammonia  in  the  form  of  oaihoiisftBi 
nitrates,  or  nitrites,  and  various  kinds  of  dust.  Theodore  de  Saussure  was  the  M 
to  demonstrate  the  presence  of  ammonia  in  the  air,  and  consequently  in  mslMBO 
waters.  Liebig  exaggerated  the  influence  of  this  ammonia  on  TegetatioD,  sboeltf 
went  so  far  as  U>  deny  the  utility  of  the  nitrogen  which  forms  a  ]part  of  fsrm-lwA 
manure.  This  influence  is  nevertheless  real,  and  comprised  within  limits  inSA 
have  quite  recently  been  indicated  in  the  remarkable  in vestieations  of  M.  Schlfigng* 
*  From  tbe  soil,  which,  besides  furnishing  the  crops  wiui  mineral  alkaline  HP" 
stances,  provides  them  with  nitrogen,  by  ammonia,  and  by  nitrates,  whidi  sn 
formed  in  the  soil  at  the  expense  of  the  nitrogenous  matters  oontained  indibniaBi 
which  is  the  basis  of  vegetable  earth ;  compounds  in  which  nitzogen  ezisti  in  M^ 
combination,  only  becoming  fertilising  bv  the  offset  of  time.  If  we  take  into 
account  their  immensity,  the  dei)osits  of  the  last  geological  periods  mnat  be  oflB* 
sidered  as  an  inexhaustible  reserve  of  fertilising  agents.  Forests,  matki,  v' 
some  vineyards,  have  really  no  other  manures  than  what  are  fuzmahed  IjA* 
atmosphere  and  by  the  soil.  Since  the  baas  of  all  ooltiTnted  laaDdooaiwtf 
matenals  cax)ablo  of  giving  rise  to  nitrogenous  combinations,  and  to  minenl  lob- 
stanoes,  assimilable  by  plants,  it  is  not  necessary  to  suppose  that  in  a  q^sta  v 
cultivation  the  excess  of  nitrogen  found  in  the  crops  is  derived  from  the  nee  bBh^ 
gen  of  the  atmosphere.  As  for  the  absorption  of  the  gaseous  nitrogen  of  tiie  i^ 
by  vegetable  earth,  I  am  not  acquainted  with  a  single  irrnmjm^ijh^y^  oImV**' 
tion  that  establishes  it ;  not  only  does  the  earth  not  absoizb  anseons  luliufA 
butiteives  it  off,  as  you  have  observed  in  conjunction  wiuL  Ifr.  LaM** 
Beiset  nas  shown  in  the  case  of  dung,  as  M.  Schldsing  and  I  haiFe  pcoied  it  c^ 
researches  on  nitrification. 

'  If  there  is  one  fact  perfectly  demonstrated  in  physiology,  it  is  this  of  JheaM^ 
assimilation  of  free  nitrogen  by  plants ;  and  I  mar  add  uy  plants  of  aa  infcDi' 
order,  such*  as  mycodorms  and  mushrooms.  (Translation).' 
If,  then,  our  soils  are  subject  to  a  oontinnalloss  of  nitrogen  by  dnsliMigei  F*^ 
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"Swing  upon  what  may  bo  termed  the  store  of  nitrogen  of  the  soil  itself— is 
lere  not,  in  the  case  of  many  soils  at  any  rate,  as  much  danger  of  the  exhaustion 
f  their  available  nitrogen,  as  there  has  been  supposed  to  be  of  the  exhaustion  of 
leir  available  mineral  constituents !" 

I  had  hoped  to  say  something  more  about  soils,  to  advance  our  knowledge 
upecting  which  an  immense  amount  of  investigation  has  been  devoted  of  late 
nn,  but  in  regard  to  which  we  have  yet  very  much  more  to  learn.  I  must, 
owerer,  now  turn  to  other  matters. 

I  have  thus  far  directed  attention  to  some  points  of  importance  in  connection 
rith  the  sources  of  the  constituents  of  our  crops,  and  I  must  now  briefly  refer  to 
ome  in  connection  with  the  composition,  and  to  some  relating  to  the  uses,  of 
he  crops  themselves. 

As  to  composition,  I  must  confine  myself  to  indicating  something  of  what  is 
Down  of  the  condition  of  the  nitrogen  in  our  various  crops  ;  thouni  I  had  in- 
floded  to  say  something  respecting  the  carbo-hydrates,  and  especiaUy  respecting 
hb  various  members  of  the  cellulose  group. 

As  to  the  nitrogen — in  our  first  experiments  on  the  feeding  of  animals,  made  in 
1947, 1848,  and  1 849,  the  results  of  which  were  published  in  the  last-mentioned  year — 
we  foond  that,  in  the  case  of  succulent  roots  used  as  food,  not  only  were  they  not 
rf  yibeas  food  in  proportion  to  their  richness  in  nitrogen,  but  when  the  percentage 
rfit  was  higher  than  a  certain  normal  amount,  indicating  relative  succulence  and 
Bunaturity,  they  were  positively  injurious  to  the  animals.  So  marked  was  the 
viation  of  result  according  to  the  condition  of  maturity  or  otherwise  of  the 
Ms  employed,  that,  when  reviewing  the  results  of  the  experiments  which  had  up 
^  that  tune  been  conducted,  in  a  paper  read  before  this  Section  of  the  British 
^nodation  at  the  Belfast  Meeting  in  1852  (and  which  was  published  in  full  in  the 
iBBual  volume^),  we  stated  that  the  mode  of  estimating  the  amoimt  of  proteine 
xx&poonds  by  multiplying  the  percentage  of  nitrogen  by  6*3  was  far  from  accurate, 
vpcKiially  when  applied  to  succulent  vegetable  foods,  and  that  the  individual  com- 
peonds  ought  to  be  determined.  The  Kothamsted  Laboratory  staff  was,  however, 
Bndismallor  then  than  it  is  now,  and  with  the  pressure  of  many  other  subjectsupon 
^  it  was  at  that  time  quite  impossible  to  follow  up  the  enquiry  in  that  direction. 

It  is,  indeed,  only  within  the  last  ten  years  or  so,  that  the  question  has  been 
^ka  up  at  all  systematically ;  but  we  are  already  indebted  to  E.  Schulzc,  A. 
•^rick.  Church,  Sachsse,  Macrcker,  Kcllner,  Vines,  Emmerling,  and  others,  for 
Btportant  results  relating  to  it. 

Qar  knowledge  in  regard  to  the  subject  is,  however,  still  very  imperfect.  But 
t  is  in  progress  of  investigation  from  two  distinctly  different  points  of  view — 
(em  that  of  the  vegetable  physiologist,  and  that  of  the  agricultural  chemist, 
[he  vegetable  physiologist  se^  to  trace  the  changes  that  occur  in  the  germina- 
^  of  the  seed,  and  during  the  subsequent  life-history  of  the  plant,  to  the 
^odnction  of  seed  asain.  The  agricidtural  chemist  takes  the  various  vegetable 
vedncts  in  the  conmtion  in  which  they  are  used  on  the  farm,  or  sold  from  it. 
^  as  a  very  large  proportion  of  what  is  grown,  such  as  grass,  hay,  roots, 
idMirB,  and  various  green  crops,  arc  not  matured  productions,  it  comes  to  be  a 
lifter  of  great  importance  to  consider  whether  or  not  any  large  proportion  of 
he  nitrogenous  contents  of  such  products  is  in  such  condition  as  not  to  be  of 
^  to  the  animals  which  consume  them  in  their  food  'f 

We  cannot  say  that  the  whole  of  the  nitrogen  in  the  seeds  with  which  we  have 
i^deal  exists  as  albiuninoids.  But  wc  may  safely  assume  that  the  nearer  they 
P^oach  to  perfect  ripeness,  the  less  of  non-albuminoid  nitrogenous  matters  will 
^contain ;  and,  in  the  case  of  the  cereal  grains  at  any  rate,  it  is  probable  that 
'jeally  ^rfoctly  ripe  they  will  contain  very  nearly  the  whole  of  their  nitrogen 
ealbuimnoids.  With  regard  to  some  leguminous  and  other  seeds,  which  contain 
leciiliar  nitrogenous  bodies,  the  range  may,  however,  be  wider. 

J^On  the  Compofiition  of  Fooda,  in  relation  to  Eospite^Uon  wcl^  VXvi^lE^^vc^*^  ^V 
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l^ut  whatever  tlio  condition  of  the  nitrogenous  bodies  in  tbc  seeds  we 
sow,  with  gonnination  begins  a  material  change.  Albuminoids  are  tnm 
into  pci)toneF,  or  peptone -like  bodies,  or  degnidod  into  various  amido 
coniiK)uud.s.  Such  (jiangft  into  more  solulile  and  more  diffusible  bodies  i 
b<.'  supposed,  essential  to  their  free  migration,  and  to  their  subscrviencr 
X)uri)o.scR  of  growth.  In  the  case  of  the  germination,  especially  of  some 
nous  8(?(hIs.  nsparjigino  has  l>con  foimj  to  be  a  very  prominent  pr 
such  dcgnulation  of  the  albuminoids  ;  but  it  would  seem  that  this  disap 
the  grec^i  parts  «rc  doveloi)ed.  But  now  the  phint  begins  to  re«:eive  su 
nitrogen  from  the  soil,  as  nitrates  or  ammonia,  and  it  would  seem  tha 
constitute  a  trousideniblc  jiroportion  of  the  produced  nitrogenous  bodi< 
rciitly  as  an  inteiTncdiate  stage  in  the  formation  of  albuminoids.  At  i 
tsiivh  bodies  arc  found  to  exist  largely  in  the  immature  plant ;  whilst  thi 
of  them  diminishes  as  the  plant,  or  its  various  X)ai*ts,  approach  to  maturi 

Ihit  not  only  hav(i  we  thus,  in  unri|)ened  vegebible  productions,  a  g 
less,  ami  sometimes  a  very  large,  proportion  of  the  nitrogenous  bodie 
within  the  plant,  existing  as  amido-comx^ounds,  but  we  maj'  have  a  largi 
existing  in  the  jiii(res  as  nitric  acid,  and  some  as  ammonia,  &c.  Thus,  E 
detennined  the  nitric  acid  in  various  *  roots ' ;  and  he  found  that, 
mangels,  mori>  than  one-third  of  the  total  nitrogen  existed  in  that  ft 
about  one-tenth  as  luuch  as  ammonia.  In  a  considerable  series  at  Rot 
we  have  found  an  extremely  variable  proj^ortion  existing  as  nitric  acid,  s 
to  the  size,  succulence,  or  degrtK*  of  maturity,  of  the  roots ;  the  amount 
a  rule,  the  least  >\'ith  the  rijH\st  and  h^ss  highly  nitrogenous  roots,  and 
with  the  most  succulent,  uiuipe,  and  liighly  nitrogenous  ones.  In  n 
it  reached  as  much  as  from  20  to  nearly  30  yvr  cent,  of  the  total  nitro 
nmny  other  ininiatun;  vegetable  products  nitric  acid  and  ammonia  h 
found  ;  but,  so  far  as  I  rememlnir,  in  none  in  anything  like  so  largo  a  p 
as  in  the  so-aiUed  '  root-croi)S,*  esi)eeially  mangels.  In  many,  how 
({uanlity  ap])ear8  to  be  immaterial;  and  it  is  remarkable  that  whilst  tl 
muvh  in  thf*  '  roots,*  little  or  none  is  found  in  potatoes. 

Xo  wonder  that,  in  tluj  exjH?riuients  ali-eady  referrtni  to,  wo  found  th 
result  to  be  the  worse  the  moix)  succulent  and  iimimture  the  root«,  andt 
their  pereeiitnge  of  nitrogcfii,  accordingly. 

But  it  is  t()  the  difference  in  nmount  of  the  albuminoid  bodies  them 
diffi'rent  dosei-ij>tions  of  vegetable  produce,  that  I  wish  si)Ctaally  to  din 
ti(»n,  making,  however,  some  inference  to  what  is  known  of  the  i)roi>or< 
nitrogen  existing  as  amido-compounds. 

In  some  mangels  E.  Schulzo  found  oidy  from  about  'JO  to  *22  per  cen 
total  nitrogen  to  exist  as  insoluble  and  soluble  idbumin.  But  he  fou] 
eas«;  ',i'2'o,  and  in  the  other  40*8  per  cent,  of  the  total  nitrogen  as  amid 
large  series  of  detenninations  at  Kothanisted,  by  Church's  method,  wi 
variation  of  froui  undiir  'JO  to  over  40  jML'r  cont.  of  th(;  total  nitrogen  o 
to  exist  as  albiuninoids  ;  or,  in  other  words,  from  nearly  GO  to  over  80 
of  it  in  the  non-albuminoid  c<mdition. 

In  potatoes  Schulz(»  found  from  imder  .)()  to  (55  jier  cent,  of  the  tota] 
as  soluble  and  insoluble  albumin,  and  from  27*7  to  40*1  per  cent,  as  m 
acid  amides.  In  a  series  of  j)otatoes  gro>m  at  Rothamst^d,  imder  vei 
conditions  as  to  manuring,  and  in  two  different  seasons,  we  found  the 
as  albuminoids  to  range  from  little  over  50  to  moi*e  than  71  per  cent,  o 
nitrogen :  leaving,  of  course,  from  less  than  IJO  to  nearly  ilO  i>er  « 
aceoimted  for  in  other  ways. 

K«'llner  determined  the  am(mnt  of  nitrogen  as  albuminoids,  and  as  au 
pounds,  in  a  considerable  scries  of  green  foods,  both  legmuinous  and  gr 
cut  at  diiferrnt  stages  of  their  growth.  The  proix)rtion  of  the  totid  nitro 
albuminoids  was.  ui>onthe  whole,  j!ii?ater  in  the  legumiiiosiv  than  in  tbcj 
In  botli.  however,  t he pro[K)rtion  as  albuminoids  inci^^ased as  thcplants a] 
to  maturity,  TJie  ])roi)ortiou  as  iilbmAm\o\^«  'wu»\wf01\.V\<swi\kTQduct« i 
larger  than  in  rooUj  and  generally  larger  lYiw\mvo\A\.«*».\Tv.\jBtfi<s»sBfc^ 
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Qoadow  hsij,  we  found  in  tho  separated  gramineous  herbage  76*4,  in  tHeleguminoud 
lerbage  82,  and  in  the  miscellaneous  herbage  80*3  per  cent,  of  the  nitrogen  as 
ilbominoids ;  and  in  the  second  crop  86' 2  per  cent,  in  the  gramineous,  88*3  per 
ieni  in  the  leguminous,  and  88*  1  per  cent,  in  the  miscellaneous  herbage.  How  far 
iie  higher  proportion  of  the  nitrogen  as  albmiiinoids  in  the  second  crops  is  to  bo 
akenasany  indication  of  the  characteristics  of  the  autumn  growth,  or  how  far  it 
I  to  be  attributed  to  the  accidental  condition  of  the  weather,  may  be  a  question. 

These  illustrations  are  sufficient  to  give  some  idea  of  the  range  and  proportion 
if  the  nitrogen  in  different  feeding  crops  which  does  not  exist  as  albuminoidis ;  and 
hej  are  sufficient  to  show  that  a  very  large  proportion  of  tho  non-albuminoid 
Btttcr  exists  as  various  amido-com|)ounds.  The  question  arises,  therefore,  whether 
hfiK  bodies  contribute  in  any  way  to  the  nutrition  of  the  animals  which  feed  upon 
hem  ?  We  have  but  little  experimental  evidence  on  this  point.  As  green  herbage 
s  the  natural  food  of  many  descriptions  of  animal,  we  might  suppose  that  charao- 
eriatic  constituents  of  it  would  not  be  without  some  value  as  food ;  but  tho  culti- 
vted  root  crops  are  much  more  artificial  productions,  and  it  is  in  them  that  wo 
ind  inch  a  very  large  proportion  of  non-albuminoid  nitrogen.  With  respect  to 
omeof  the  amido-compounds,  at  any  rate,  direct  experiments  seem  to  show  that 
horare  digested  in  the  animal  body,  and  increase  the  elimination  of  urea.  Weisko 
lOd  Schrodt  found  that  rabbits  receiving,  as  their  only  nitrogenous  food,  either 
WBgine  or  gelatin,  wasted  and  died ;  but  a  rabbit  receiving  both  asparagine  and 
pdatin  increased  in  weight  and  survived  to  tho  end  of  the  experiment,  which 
uted  seventy-two  days.  From  the  results  of  other  experiments  made  with 
heep,  they  concluded  that  both  asparagine  and  gelatin  protect  the  albuminoids 
f  the  body  from  oxidation. 

These  considerations  lead  me,  in  conclusion,  to  refer  briefly,  and  I  promise  it 
ball  be  as  briefly  as  is  consistent  with  clearness,  to  the  two  very  much  disputed 
nestions  of  the  oriyin  of  muscular  power ^  and  the  sources  of  the  fat  of  the  animal 
w(y.  These  subjects  Mr.  Lawcs  and  myself  have  frequently  discussed  elsewhere  ; 
ot  as  the  controversy  has  assumed  a  new  phase  quite  recently,  it  seems  desirable 
od  appropriate  that  I  should  recur  to  it  on  the  present  occasion. 

With  regard  to  the  question  of  the  sources  in  the  food  of  the  fat  of  the 
oinud  body,  Liebig  originally  maintained  that  although  fat  might  be  formed 
fwu  the  nitrogenous  compounds  within  the  body,  the  main  source  of  it  in  tho 
criavora  was  the  carbo-hydrute's.  In  his  later  writings,  he  sharply  criticised 
^  experiments  and  arguments  of  those  who  have  maintained  the  formation  of 
^diiefly  from  the  proteine  compounds ;  but  he  at  the  same  time  seems  to  attach 
^oi«  importance  to  that  source  tnan  he  formerly  did.  He  gives  it  as  his  opinion 
iJat  the  question  cannot  be  settled  by  experiments  with  herbivora.  He  adds 
)at  what  we  know  with  certainty  is  that,  with  these  animals,  albuminates  and 
irbo-hydrates  work  together  to  produce  fat ;  but  whether  the  non-nitrogenous 
n)dnct,  fat,  has  its  origin  in  the  albimiin  or  in  the  carbo-hydrate,  he  considers 
not  easy  to  determine. 

At  the  time  when  we  commenced  om*  experiments  on  tho  feeding  of  animals 
i  1817,  the  question  whether  the  fat  of  the  animals  fed  for  human  food  was 
•inly  derived  from  albuminoids  or  from  carbo-hydrates  had  been  scarcely 
"JBed,  or  at  least  it  was  not  prominent.  The  question  then  was  rather — whether 
*  herbivora  received  their  fat  ready  formed  in  their  food,  or  whether  it  was 
foduoed  within  the  body — the  latter  view  being  that  which  Liebig  had  so 
(cibly  urged,  at  the  same  time  maintaining  that  at  any  rate  its  chief  source  was 
«  oarbo-hydrates.  Accordingly,  our  experiments  were  not  specially  arranged 
» determino  whether  or  not  the  whole  of  the  fat  produced  could  or  could  not  bo 
sired  from  the  albuminoids. 

For  each  description  of  animal,  oxou,  sheep,  and  pigs,  such  foods  as  had  been 
■Ublished  by  common  exi>orieuce  to  be  appropriate  were  selected.    The  general 
Im  of  the  experiments  was — to  give  to  one  set  a  fixed  amount  of  a  recognised 
(Hid  food,  containing  known  quantities  of  nitrogen^  latt^  wveAXAnc^  ^^.\  \a 
•other  set  tha  same  amount  of  another  food,  of  different  c^axcu^Xftr^  Va.  *Ca$^» 
ipMte;  to  other  sets  also  fixed  amounts  of  other  foods  in  \iift  auML^Ji  ^«bN  %  «o^ 
9tba9  wBsg2veD,lto  the  wljolo  series,  tho  same  oomp\em«ii\«r3  iQcA^a  u>nfcvai 


&4 

Or,  to  one  sot  was  supplicHl  a  uniform  food  rich  in  niirogcn,  and  to  ot] 
fonii  foods  i)uoit?r  in  nitrogen,  and  so  on.  in  each  Ciise  ad  libitum. 

It  will  b(!  soon  that,  in  this  way,  a  great  variety  of  dietaries  was  arrang 
it  will  Ik*  ohsorvodtlutt  in  em;h  ctise  the  animals  themselves  fixed  their  c 
tiuu,  Mooording  to  thi?  requii*oments  of  the  system. 

Asalrojidyindioatod,  the  individual  nitrogenous  and  non-nit  rogimousco 
of  tho  foods  wore  not  dotennined.  As  a  nde,  the  constituents  determi 
— the  total  dry  iiuittor,  the  ash,  the  fatty  matter,  and  the  nitrogim  :  fn 
last  th(^  ji  mount  of  nitrogenous  compounds  it  might  roprestmt  wa«  caleulal 
usual  faotur.  lint,  as  already  intimated,  the  i*esultfl  so  obtaimnl  w<!re  only 
consiflorjihlo  rosoi-\'ation,  especially  in  the  case  of  all  immatun*  veget^iblc 
Xor  was  tho  onido  fibre  determinc^d ;  but,  as  in  the  case  of  the  estinuit 
gonous  substance,  when  interpreting  the  i-esults,  it  was  always  cimsidercc 
or  not  tho  food  contained  much  or  little  of  probably  indigestible  woody 

Tho  animals  boing  jx^riodicHlly  weighed,  we  wei-e  thus  able  to  calc 
amounts  <.»f  th«^  so-ostimated  nitrogenous  substance,  and  of  the  total  n 
gonous  suhstanoo,  incrluding  and  excluding  fat,  consumed — -for  a  fjivcn  It 
iriihin  a  (fivt'ii  fi)iu\  and  fo  prinhjcc  a  ffivcn  mnininf  of  increase  in  liife-wciy 
ExiM'riiu«.'nts  wc-ro  made  with  a  large  number  of  sheep,  and  a  large  r 
pigs.  And,  evoii  without  making  allowance  for  the  diifei*ont  condition  of 
gouoiis  or  of  tho  iKm-nitrogonous  constituents,  incomparable  foods,  the  r 
tainod  uniformly  indicated  that  both  the  amoimt  consumed  by  a  given  lii 
of  animal  within  a  given  time,  and  that  reqiiiredto  produce  a  given  fl 
increase,  woi*o  dot  crminod  much  more  by  the  amountof  thenon-nitrogenou 
thatof  thenitrogonous  constituents  which  the  food  supplied.  And  when 
was  made  for  tho  diit'orent  (condition  of  the  nitrogenous  constituents,  ai 
groatiT  or  loss  anu^unt  of  the  non-nitrogenous  ones  whicli  would  prijlwibl 
gostible  and  effete,  the  indications  were  still  mor(<  nmiarkable  and  condi 
In  very  many  cases  the  aidmals  were  slaught^jred,  and  Ciiref  iilly  exami 
whotlior  tho  tondonoy  of  development  had  lM?en  mon;  that  of  growth 
and  tiosh,  or  in  fatm?ss.  Here,  again,  thee\idence  was  clear — that  the 
to  growth  in  frniiio  and  flesh  was  favoured  by  a  high  pn>portion  of  ni 
tho  fo(Kl.  and  tluit  to  the  production  of  fat  by  a  high  i)n)i)ortion  of 
n«^n-nitrogrnous  constituents. 

In  a  ivw  cases  the  actual  amount  of  fat  in  tlie  aninuils  in  the  lean,  i 
fat  condition,  was  dotormined ;  and  the  results  tidmitted  of  no  doubt 
that  a  vorj""  largo  j»roiK>rti<m  of  the  storod-up  fat  coidd  not  have  been  del 
tho  fatty  mattj.r  (.f  the  food,  and  must  have  been  prodiiced  >\'ithin  the 

So  docisivo  and  consistent  were  the  veiy  mimerous  ami  vei-y  varied 
rogard  to  tlioso  pcants,  that  we  had  no  hesitation  in  concluding  --not 
muoli  of  tli«'  fat  stored  uj)  was  produced  ^\'ithin  the  body,  but  that  the 
much,  at  any  rate,  of  the  i.»T*f>duccHl  fat  must  have  lieen  the  non-ni 
oonstituonts  of  tin*  food — in  other  wonls,  the  carbo-hi/ilratfS. 

As  .already  stated,  however,  as  the  question  whether  the  source  oi 
du(.'o<l  fat  was  tho  i)rot4?ine  compounds  or  the  carbo-hydrates  was 
prominent,  wo  Imd  iu)t  so  armngrd  the  experiments  ns  to  obtain  t 
jiossiblr'  incn-aso  in  frit  with  the  smallest  jiossible  supply  of  nitrogenous c 
in  tho  food  ;  nor  did  we  then  even  calculate  whether  or  not  then*  waa 
nitrogenous  mattor  consumed  to  b(j  the  source  of  the  whole  of  the  fat 

Tliis  quosti<m,  indcnnl,  exciti*d  very  little  interest,  until,  at  a  niecti 
Congress  of  Agricultuiiil  Chemists  hold  at  Munich  in  1805  (at  which  I 
to  bo  pnsont).  Professor  A'oit,  from  the  results  of  exix»i-inient« 
J*ottonkof«!r's  rosjaration  apparatus  with  dogs  fed  ouflesli,  announced! 
siini  that  fat  must  have  been  i>roduced  from  the  nitrogenous  substance 
this  was  ]>i(»bably  the  chief,  if  not  the  only,  source  of  the  fat,  even  oj 
— an  opinion  which  he  subsequently  urg«5d  much  more  i)0sitively. 

In  the  diwiission    which   fciUowini  the  reading  of  Professor  Vo: 

panm  lAchig  furvihly  called  in  question  \\\»iioTvi\\3A\v)Yi»*,  tciwlTvVjsasus^^-qc 

^'t  won  hmdmisaihlv  to  form  conclusions  oii*>iO\«i  vo\\\V.m  x«^\\  \n 


25 

Tom  the  lesults  of  experiments  made  with  camivora,  but  also  that  direct  quan-* 
dtatiTe  results  obtained  with  herbivorous  animals  had  afforded  apparently 
oondoaTe  eyidenco  in  favour  of  the  opposite  view. 

Yoit's  paper  excited  considerable  controversy,  in  which  Mr.  Lawes  and  myself 
jomed.  We  maintained  that  experiments  to  determine  such  a  question  should  be 
made,  not  with  camivora  or  omnivora  fed  on  flesh,  but  with  herbivora  fed  on  their 
iqpipropriate  fattening  food,  and  on  such  herbivora  as  common  experience  showed 
to  oe  pre-eminently  fat-producers.  We  pointed  out^  that  the  pig  comprised,  for  a 
gifen  live- weight,  a  comparatively  small  proportion  of  alimentary  organs  and  con- 
tmts ;  that,  compared  with  that  of  the  ruminants,  his  food  was  of  a  high  character, 
yielding,  for  a  given  weight  of  it,  much  more  total  increase,  much  more  fat,  and 
much  less  necessarily  effete  matter ;  that,  in  proportion  to  his  weight,  he  consumes 
a  hrger  amount  of  food,  and  yields  a  larger  amount,  both  of  total  increase  and 
of  fat,  within  a  given  time ;  and,  lastly,  that  he  contains  a  larger  proportion  of 
iit,  both  in  a  given  live  weight,  and  in  his  increase  whilst  fattening. 

It  is  obvious  that,  with  these  characteristics,  there  is  much  less  probable  range 
of  error  in  calculating  the  amount  and  the  composition  of  the  increase  in  live- 
veigfat  in  relation  to  the  amount  and  composition  of  the  food  consumed,  than  in 
tke  case  of  the  ruminants ;  and  that,  therefore,  the  pig  is  very  much  more  appro- 
mte  for  the  purpose  of  experiments  to  determine  the  sources  in  its  food  of  the 
at  it  produces. 

i4xx>rdingly,  we  calculated  a  number  of  our  early  experiments  made  with  pigs, 
to  determine  whether  or  not  the  nitrogenous  substance  they  consumed  was  sum- 
MDt  for  the  formation  of  the  fat  they  produced.  For  simplicity  of  illustration,  and 
to  give  every  possible  advantage  to  the  view  that  nitrogenous  substance  might  have 
been  the  source  of  the  produced  fat,  we  assumed  the  whole  of  the  crude  fat  of  the 
food  to  have  been  stored  up  in  the  animal — thus  estimating  a  minimum  amount  to 
Iwproduced.  Then,  again,  we  supposed  the  whole  of  the  nitrogenous  substance  of 
the  food  to  bo  perfectly  digested,  and  to  become  available  for  the  purposes  of  the 
tptom.  Lastly,  after  aeducting  the  amount  of  nitrogenous  substance  estimated  to 
w  stored  up  as  such,  the  whole  of  the  remainder  was  reckoned  to  be  so  broken  up 
that  no  other  carbon-compounds  than  fat  and  urea  would  be  produced. 

The  result  was  that,  even  adopting  thes3  inadmissible  assumptions,  in  all  the 
caies  in  which,  according  to  common  experience,  the  food  was  admittedly  the 
>KMt  appropriate  for  the  fattening  of  the  animal,  the  calculation  showed  that  a 
^ge  amount  of  fat  had  been  produced  which  could  not  have  been  derived  from 
the  nitrogenous  substance  of  tne  food,  and  must,  therefore,  have  had  its  source 
hi  the  carbo-hydrates.  Such  a  result  is,  moreover,  entirely  accordant  with 
experience  in  practical  feeding. 

Seriewing  the  whole  subject  in  great  detail  in  1869,  Professor  Yoit  refers  to 
theie  results  and  calculations.  He  confesses  that  he  has  not  been  able  to  get  a 
S^nend  view  of  the  experiments  from  the  mass  of  figures  recorded,  and  from  his 
^QDunents  he  shows  that  he  has  on  some  points  misunderstood  them.  He  admits, 
however,  that,  as  the  figures  stand,  it  woidd  appear  that  fat  had,  in  some  instances, 
Wi  derived  from  the  carbo-hydrates.  Still,  no  says,  he  cannot  allow  himself  to 
consider  that  a  transformation  of  carbo-hydrates  into  fat  has  thus  been  proved. 

Professor  Emil  von  Wolff,  again,  in  his  Landiuirihscha/ttiche  Futterunyslehre^ 
'tfcrring  to  the  same  experiments,  admits  that  they  are  almost  incomprehensible 
^Ddess  we  assume  the  direct  concurrence  of  the  carbo-hydrates  in  the  formation 
{^  fat.  He,  nevertheless,  seems  to  consider  that  evidence  of  the  kind  in  question 
^hioonclusivo ;  and  he  suggests  that  experiments  with  pigs  should  be  made  in 
tiemiration  apparatus  to  determine  the  point. 

Mi,  Lawes  and  myself  entertained,  however,  the  utmost  confidence  that  the 
^Jteation  was  of  easy  settlement  without  any  such  apparatus,  provided  only  suit- 
Ale  Miimftla  and  suitable  foods  were  selected.  I,  accordingly,  gave  a  paper  on  the 
Niject  in  the  Section  fiir  Landwirthschaft-und  Af/ricultur-Cheinie,  at  tne  NaiuV' 
ff^kher  Venamnilung  held  at  Hamburg  in  1876.'    The  pomVA  >N\aOcL\'^T^JV!^?QL- 

1 «  Qb  tbff  SouneB  of  the  Fat  of  the  Animal  Body/  Ph'd  3fag .,  I>Qc«i&y^T,\^^^« 
j/Jta  tatttuioo  of  tbft  oommnnicatioa  is  given  in  the  Journal  o;f  AuoXom^  o 
"^mWj^  yoL  xL  part  iv. 
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larly  insisted  upon  were— tliat  the  piff  should  be  the  ftu^eot  of  experiment ;  ttitbe 
should  be  allowed  to  take  as  much  as  he  would  eat  of  his  most  appropriate  fita* 
ingfood,  so  that  his  increase,  and  the  fat  he  produced,  should  Mar  as  luge  a  po- 
portion  as  possible  to  bis  weight,  to  the  total  food,  and  to  the  total  nitrogeaoa 
substance  consumed.  Finally,  it  was  maintained  that,  if  these  oondituns  vion 
observed,  and  the  constituents  of  the  food  determined,  and  those  of  the  incnw 
of  the  animal  ostimutod  ucourding  to  recognised  methods,  the  results  could  not 
fail  to  bo  xjorfoctly  conclusive,  without  the  intervention,  cither  of  a  rospintifli 
apparatus,  or  of  the  analysis  of  the  solid  and  liquid  matters  voided. 

Results  so  obtained  were  adduced  in  proof  of  the  correctness  of  the  conda- 
sions  arrived  at.  Wo  at  the  same  time  admitted  that,  although,  for  niMM 
indicated,  wo  had  always  assumed  that  fat  was  formed  from  the  oarbo-bTdzitai 
in  tho  case  of  rumimmts  as  well  as  of  pigs,  yet,  as  in  our  experiments  with  tiuN 
animals  wo  had  supplied  too  large  amounts  of  ready  formed  lat,  or  of  nitrogewMi 
matter,  or  of  both,  it  could  not  be  shown  so  conclusively  by  the  Bame  nude  of 
calculation  in  their  case  as  in  that  of  pigs. 

In  tho  discussion  which  followed,  Professor  Henneberg  agreed  that  it  seewd 
probable  that  fat  could  bo  formed  from  the  carbo-hydrates  in  the  oaae  of  pigi.  Is 
tho  case  of  experiments  with  other  animals,  however,  the  amount  of  fatprodnoBd 
was  teo  nearly  balanced  by  the  amount  of  fat  and  albuminous  niatten  sfailaUii 
to  afford  conclusive  cvidonco  on  the  point. 

Quito  recently.  Professor  Emil  von  Wolff  {Landwirtliaehaftliche  a/oArUfiitfi 
Band  viii.  1879,  Supplement)  has  applied  the  same  mode  of  oaloulation  to  lenHi 
obtained  by  himself  with  pigs  some  years  ago.  He  concluded  that  the  iriukol 
the  body  fat  could  not  have  l)cen  formed  without  the  direct  co-operation  of  As 
carbo-hydrates  of  tho  food.  But  what  is  of  greater  interest  still  is,  ttiat  ho  alsoeil^ 
culated,  in  the  same  way,  the  results  of  some  then  quite  recent  oxperimenti  ol 
Hcnncberg,  Kern,  andWattenberg,  withsheep.^He  thus  found  that,  evenindadwg 
the  whole  of  the  estimated  amides  with  the  albumin,  there  mu?t  have  been  a  ooa- 
sidorablc  production  of  fat  from  the  carbo-hydrates;  and,  excluding  the  anudeSitiM 
amount  reckoned  to  be  derived  from  the  carbo-hydrates  was  of  course  much  giestar. 

I  will  only  add,  on  this  point,  that,  on  re-calculating  some  of  onr  oariy  tbhUi 
with  sheep,  which  did  not  afford  sufficiently  conclusive  evidence  when  tho  vfaflb 
of  the  nitrogc^n  of  the  food  was  reckoned  as  albumin,  show  a  'very  oonsidenbli 
formation  of  fat  from  the  carbo-hydrates,  if  deduction  be  made  for  the  ptobiU> 
amount  of  non- albuminoid  nitrogenous  matter  of  the  food. 

We  have  now,  then,  tho  two  agricultural  chemists  of  perhaps  the  hijl^ 
authority,  both  as  exxx^rimonters  and  writers  on  this  subject  on  the  Contmwfc 
giving  in  their  adhesion  te  tho  view,  that  the  fat  of  the  horblTOTa,  whioh  veioal 
for  human  food,  may  be,  and  probably  is,  largely  produced  from  the  oarbo-hjdnte 
I  dare  say,  however,  that  some  physiolo^ts  will  not  change  their  viow  until  T(ik 
gives  them  sanction  by  changing  ms,  which,  so  far  as  I  know,  he  hmi  not  yet  doM^ 

Tho  question  w^hich  has  been  currently  entitled  that  of  '  The  dri§6i^  if 
Muscular  Power y'  or,  '  The  Sources  of  MusctUar  Power,*  has  also  been  the  nIoM 
of  much  investigation,  and  of  much  conflict  of  opinion,  since  the  fint  puUMt- 
tion  of  Liebig's  views  respecting  it  in  1842. 

As  I  have  already  pointed  out,  he  then  maintained  that  the  amonnt  of  WBlh 
cular  tissue  transfonucd,  tho  amount  of  nitrogenous  substance  oxidated,  miAi 
measure  of  the  force  genoi*atcd  in  tho  body.  He  accordingly  oomduded  thatthi 
requirement  for  the  nitrogenous  constituents  of  food  wou&oe  inoreaMd  in  pHh 
portion  to  the  increase  of  the  force  expended.  In  his  mora  recent  vritnigS  <* 
tho  subject,  he  fret^ly  criticises  those  who  take  an  opposite  view.  Ha  Mveriko- 
Icss  grants  that  tho  secretion  of  urea  is  not  a  measure  of  the  foroe  exerted ;  hA 
on  tho  other  hand,  ho  docs  not  commit  l^mself  to  the  admiaaion  thai  tho  oiidi' 
tion  of  the  corbo-liydrates  is  a  source  of  muscular  power. 

Tho  results  of  our  own  early  and  very  numerous  feeding  eEXperinientiWib'l' 
2uu  been  said,  extremely  accordant  in  showing  that,  provided  the  nitKOgHiMlOOB' 
atitaenta  in  the  food  wore  not  below  a  certaonTathex  Umited  ""Aint,  it  wai  ^ 
quantity  of  the  digestible  and  avaSla\)lQiuia*nitEO|S^sitf3ra^ 
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themtrog^ouBsabstanoe,  that  detonuined— both  the  amount  contumed  hy  a  given 
iMoewht  within  a  given  time^  and  the  amount  of  increase  in  live-weight  produced, 
\iej  auo  showed  that  one  animal,  or  one  set  of  animals,  might  consume  two  or 
tree  times  as  much  nitrogenous  substance  in  proportion  to  a  given  live- weight 
ithin  a  given  time  as  others  in  precisely  comparable  conditions  as  to  rest  or 
lerdse.  It  was  further  proved  that  they  did  not  store  up  nitrogenous  substance 
t  all  in  proportion  to  the  greater  or  less  amount  of  it  supplied  in  the  food,  but 
isi  the  excess  reappeared  in  the  liquid  and  solid  matters  voided. 

So  striking  were  these  results,  that  we  were  led  to  turn  our  attention  to  human 
ietiries,  and  also  to  a  consideration  of  the  management  of  the  animal  body 
nderaoing  somewhat  excessive  labour,  as,  for  instance,  the  hunter,  the  racer, 
u  cab-horse,  and  the  foxhound,  and  also  pugilists  and  runners.  Stated  in  a 
erj  few  words,  the  conclusion  at  which  we  arrived  from  these  inquiries  (which 
rare  sommarised  in  our  paper  given  at  Belfast  in  18o2)  was — that,  unless  the 
jntem  were  overtaxed,  the  demand  induced  by  an  increased  exercise  of  force 
ni  more  characterised  by  an  increased  requirement  for  the  more  specially  respi- 
stofj,  than  for  the  nitrogenous,  constituents  of  food. 

Boon  afterwards,  in  1854,  we  found  by  direct  experiments  with  two  animals 
neuctly  equal  conditions  as  to  exercise,  both  being  in  fact  at  rest,  that  the 
moant  of  urea  passed  by  one  feeding  on  highly  nitrogenous  food  was  more  than 
•lioe  as  great  as  that  fed  on  a  food  comx)arativoly  poor  in  nitrogen. 

It  was  clear,  therefore,  that  the  rule  which  had  been  laid  down  by  Liebig,  and 
vfaich  has  been  assimied  to  bo  correct  by  so  many  writers,  even  up  to  the  present 
ime,  did  not  hold  good — ^namely,  that  *  The  sum  of  the  mechanical  effects 
loduoed  in  two  individuals,  in  the  same  temperature,  is  proportional  to  the 
imount  of  nitrogen  in  their  urine ;  whether  the  mechanical  force  has  been 
snpbycd  in  voluntary  or  involuntary  motions,  whether  it  has  been  consiuned  by 
ha  limbs  or  by  the  heart  and  other  viscera  * — unless,  indeed,  as  has  been  assumed 
if  lome  experimenters,  there  is,  with  increased  nitrogen  in  the  food,  an  increased 
unoont  of  mechanical  force  employed  in  the  ^  involuntary  motions '  sufficient  to 
iflooont  for  the  increased  amount  of  urea  voided. 

Tbe  question  remained  in  this  condition  until  1860,  when  Bischoff  and  Yoit 
published  the  results  of  a  long  series  of  experiments  made  with  a  dog.  They  found 
tbat,  even  when  the  animal  was  kept  at  rest,  the  amount  of  urea  voided  varied 
doiely  in  proportion  to  the  variation  in  the  amount  of  nitrogenous  substance 

E'fen  in  the  food — a  fact  which  they  explained  on  the  assumption  that  there  must 
kve  been  a  corresponding  increase  in  the  force  exercised  in  the  conduct  of  the 
Ktiong  proceeding  within  the  body  itself  in  connection  with  the  disposal  of  the 
incnaaed  amount  of  nitrogeneous  substance  consumed.  Subsequently,  however, 
tbe^  found  that  the  amount  of  urea  passed  by  the  animal  was,  with  equal  con- 
iatioDB  as  to  food,  &c.,  no  greater  wnen  he  was  subjected  to  labour  than  when  at 
mt;  whilst,  on  the  other  hand,  the  carbonic  [acid  evolved  was  much  increased 
^  loch  exercise.    They  accordingly  somewhat  modified  their  views. 

In  1866  appeared  a  paper  by  Professors  Fick  and  Wislicenus,  giving  the  results 
obtained  in  a  mountain  ascent.  They  found  that  practically  the  amount  of  urea 
voided  was  scarcely  increased  by  the  labour  thus  undertaken.  Professor  Frank- 
W  gave  an  aocount  of  these  experiments  in  a  lecture  at  the  Boyal  Institution  in 
tbe  lame  year ;  and  he  subsequently  followed  up  the  subject  by  an  investigation 
<tf  tbe  heat  developed  in  the  combustion  of  various  articles  of  food,  applying  the 
'vnlta  in  illustration  of  the  phenomena  of  the  exercise  of  force. 

lastly,  Kellner  has  made  some  very  interesting  experiments  with  a  horse  at 
2<ibenheim,  the  results  of  which  wore  published  last  year.  In  one  series,  the 
J^eriment  was  divided  into  five  periods,  the  same  food  being  given  throughout ; 
^tbe  animal  accomplished  different  distances,  and  drew  different  weights,  the 
^BAght  being  measured  by  a  horse-dynamometer.  The  changes  in  live- weight, 
^eimomit  of  water  drunk,  the  temperature,  the  amount  of  matters  voided,  and 
^tir  contents  in  nitrogen,  were  also  determined. 
13ie  zesult  was,  that  with  only  moderate  labour  there  waa  no  max^*;^^  Vcksst^iAAfi 
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in  the  nitrogen  eliminated  in  the  urine,  but  that  with  esoeMiye  labour  the  amBiil 
lost  weight  and  eliminated  more  nitrogen.  Kellner  oonolnded,  mooordin^y,  that, 
under  certain  circumstances,  muscular  action  can  inoreaae  the  transf ormatioo  of 
albumin  in  the  organism  in  a  direct  way ;  but  that,  noivertfaelefls,  in  tho  iirrt  line 
is  the  oxidation  of  the  non -nitrogenous  matters — carbo-hydrates  and  £at,  nextoomei 
in  requisition  tho  circulation-albumin,  and  finally  the  organ-albamin  is attadked. 

In  refercncc  to  those  conclusions  from  tho  most  recent  experiments  xelatin|^  to 
the  subj(K;t,  wo  niuy  wind  up  this  brief  historical  sketch  of  tho  changes  of  Tiew 
respecting  it,  with  tho  following  quotation  from  our  own  paper  published  in 
1866:^ — '  .  .  .  all  the  ovidoncc  at  command  tended  to  show  toat  by  an  increased 
exercise  of  muscular  j>ower  there  was,  with  increased  requirement  for  rospirsUs 
material,  probably  no  increased  production  and  voidauce  of  urea,  unless,  owing 
to  excess  of  nitrogenous  matter  in  the  food,  or  a  deficiency  of  availablo  non- 
nitrogenous  substance,  or  disotisod  action,  the  nitrogenous  constituents  of  the 
fluids  or  solids  of  tho  body  wore  drawn  upon  in  an  abnormal  degree  for  ths 
supply  of  respirablo  material.* 

In  conclusion,  although  I  fully  agree  with  Voit,  Zuntx,  Wolff,  and  othets, 
that  there  still  remains  much  for  both  Chemistry  and  Physiology  to  settle  in 
connection  with  those  two  questions  of  *  The  Sourcti  of  the  Fat  of  ih€  Animd 
Body  *  and  *  The  Oritjin  of  Muscular  Power,*  yet  I  think  wo  mav  congtatnlafte 
ourselves  on  the  re-cstablislnnent  of  the  true  faith  in  regard  to  tnom,  so  far  st 
least  as  the  most  important  pnictical  points  are  conoemed. 

^  *  Food  in  its  relation  to  various  exiffsnoies  of  the  Animal  Body.  — Phil,  Jtfiif. 
July,  1866. 
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1h  our  paper  ^'On  the  Home  Produce,  Imports  and  Consump- 
tion of  Wheat,"  published  in  the  '  Journal '  in  1868,  we  gave 
records  and  estimates  on  the  subject  for  sixteen  harvest-years, 
1852—3  to  1867-8  inclusive  ;  and  in  1863,  and  each  year  since, 
an  estimate  for  the  then  current  year  has  been  published  in  the 
^  Times,'  and  elsewhere,  soon  after  harvest.  We  propose,  on  the 
present  occasion,  to  pass  in  review  the  estimates  formerly  given, 
and  to  complete  the  record  from  the  commencement  up  to  the 
present  time  ;  namely,  for  twenty-eight  (or  twenty-seven)  years, 
1852-3  to  1879-80  inclusive.  In  our  former  paper  we  gave  the 
records  and  estimates  for  each  division  of  the  Unit^  Kingdom 
separately,  and  for  the  whole  collectively ;  but  it  is  proposed 
now  to  confine  the  illustrations  to  the  United  Kingdom  as  a 
whole. 

The  main  elements  of  the  question  are  the  following : — 

1.  The  area  under  wheat. 

2.  The  average  yield  of  wheat  per  acre. 

3.  The  aggregate  home  produce,  and  the  amount  of  it  available 
for  consumption. 

4.  The  imports. 

5.  The  population. 

6.  The  average  consumption  of  wheat  per  head  of  the  popula- 
tion per  annum. 

The  data  then  at  command,  and  the  results  arrived  at,  were 
folly  considered  in  the  paper  above  mentioned,  and  we  must 
refer  to  it  for  detailed  information  on  most  of  the  points  in 
question,  but  the  main  facts  may  be  briefly  summaTvac^  Wt^* 
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Tlie  Area  under  Wheat. — For  the  period  from  1852  to  18C 
inclusive,  wc  had  to  rely  on  estimates  alone  in  fixing  the  arc 
under  the  crop  in  England  and  Wales.  For  Scotland,  we  ha 
Returns  collected  by  the  Highland  Society  for  the  years  18> 
1855,  185G,  and  1857  ;  but  for  the  two  years  prior  to  1854,  an 
for  the  years  subsequent  to  1857,  down  to  1865  inclusive,  we  ha 
to  rely  on  estimates  merely.  For  Ireland,  Returns  were  availal> 
for  each  of  the  sixteen  years  included  in  the  inquiry.  Thaal 
to  the  exertions  of  Mr.  Caird,  we  have  for  1866,  and  for  eac 
year  since,  an  official  record  of  the  area  under  the  crop,  in  ea.€ 
division  of  the  United  Kingdom,  and  in  the  whole  collective! 
in  the  '  Agricultural  Returns'  now  annually  published  about  tl 
time  of  harvest.  One  element  of  uncertainty  in  any  estimates  • 
the  home  produce  of  wheat  is,  therefore,  fortunately  removed. 

The  Average  Yield  of  Wheat  per  Acre. — ^The  only  Returns  • 
official  estimates  at  command  relating  to  this  subject,  were  f 
Scotland  for  four  years,  and  for  Ireland  for  each  year  within  X^ 
period  of  our  inquiry ;  whilst,  for  England  and  VV^ales,  coi 
prising  from  85  to  90  per  cent,  of  the  total  area  under  the  cro 
there  was,  and  there  is,  no  official  information  whatever.  F 
this  large  proportion  of  the  United  Kingdom  it  was,  therefoi 
after  very  full  consideration  of  the  data,  and  of  the  results 
which  they  led,  decided  to  adopt  the  average  produce  per  ao 
each  year,  on  certain  selected,  and  very  differently  manurt 
plots,  in  the  permanent  experimental  wheat^field  at  Rothamst^ 
as  the  basis  of  estimates  of  the  average  produce  per  acre  fro 
year  to  year ;  and,  each  year  since,  the  same  data  have  be< 
relied  upon  in  forming  an  estimate  of  the  average  produce  oV 
the  United  Kingdom  as  a  whole.  But,  having  regard  to  t 
character  of  the  soil  at  Rothamsted,  to  the  characters  of  the  ia<- 
vidual  seasons,  and  to  the  consideration  whether  the  season  vc 
more  favourable  for  heavy  or  for  light  land,  and  so  on,  '^ 
estimate  actually  adopted  for  the  country  at  large  has,  in  S9i 
seasons,  and  more  especially  in  bad  seasons,  differed  somewl 
from  the  actual  average  indicated  on  the  selected  plots  in  "^ 
experimental  field.  Lastly,  in  all  cases,  the  actual  number 
bushels  is  reduced  by  calculation,  so  as  to  represent  bushels 
the  standard  weight  of  61  lbs.  per  bushel. 

It  is  proposed,  on  the  present  occasion,  briefly  to  examine  iM 
the  validity  of  the  data  thus  taken  as  a  basis  for  estimating  '^ 
average  yield  per  acre  of  the  country  each  year,  and  also  into  "^ 
trustworthiness  of  the  results  arrived  at,  as  tested  by  subseqv.^ 
knowledge,  and  by  their  accordance,  or  otherwise,  with  the  <?^ 
elusions  arrived  at  in  regard  to  other  elements  of  the  question 

The  Aggregate  Home  Produce^  and  the  Amount  of  it  avails 
^for  Consumption. — It  will  be  obvious  thatk  if  we  know  the  ^' 
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under  the  crop,  and  have  a  trustworthy  estimate  of  the  average 
yield  per  acre,  the  aggregate  home  produce  is  ascertained  by  a 
ver^  simple  calculation.  In  determining  the  amount  of  the 
total  produce  available  for  consumption,  allowance  has  to  be 
made  for  the  amount  annually  returned  to  the  land  as  seed.  For 
reasons  formerly  given,  we  have  assumed  2^  bushels  per  acre 
to  be  so  returned  to  the  land,  and  we  do  not  propose  to  make 
uiy  alteration  in  that  estimate. 

Tlie  Imports, — From  the  commencement  of  the  period  to  which 
our  inquiry  relates  we  have,  for  the  United  Kingdom  collectively, 
Returns,  either  of  the  net  imports  of  wheat  and  wheat-flour,  or 
of  the  imports  and  exports  from  which  the  net  imports  can  be 
calculated.     For  the  separate  divisions  of  the  country  the  Returns 
have  not  been  so  complete.     But,  as  we  are  confining  attention 
to   the  United  Kingdom  as  a  whole,  this  is  immaterial  for  our 
present  purpose.       In   the  case  of  the  United  Kingdom,   the 
records  for  the  individual  weeks  or  months  are  available ;  and 
^rom  these  the  net  imports  have  been   calculated,  not  for  the 
calendar  years,  but  for  the  liarvest  years^  that  is,   from    Sep- 
tember 1  of  one  year,  to  August  31  of  the  next. 

The  Population, — As    the    Registrar- General   publishes   an 

^timate  of  the  population  at  the  middle  of  the  calendar  year, 

for  every  year  between  one  Census  and  another,  it  is  easy  to 

*^calate,  with  sufficient  accuracy  for  our  purpose,  the  average 

•number  of  consumers  over  each  harvest-year.     The  middle  of 

the  calendar  year  being  the  end  of  June,  and  the  middle  of  the 

wvest-year  the  end  of  February,  the  plan  adopted  has  been  to 

*^d  to   the    number  recorded  for  the   preceding  midsummer, 

tWo-thirds  of  the  difference  between  that  figure  and  the  number 

^^^n  for  the  next  midsummer,  thus  bringing  the  estimate  up  to 

*^®  end  of  February.     Of  course,  this  can  only  be  done  after  the 

^C!otid  record  is  published,  and  the  plan  was  not  available  in 

T^tiniating  the  population  of  the  current  harvest-year  soon  after 

^^vest  each  year ;  but  the  necessary  corrections  have  now  been 

7?^e.     The  figures  show  some  irregularity  of  increase  imme- 

-^^tely   after  the   Census  years,    and    at   some   other   periods, 

^^^^umably  from  a  new  factor  being  then  adopted  for  the  cal- 

^lation  of  the  annual  increase  of  the  population. 

^^_  ^he  Average  Consumption  of  Wheat  per  head  of  the  Population 

^^^  -Annum. — Previously  to  the  publication  of  our  former  paper 

^^^  tills  subject,  a  higher  figure  had  been  generally  assumed  than 

^  ^  Mrere  then  led  to  adopt.     For  England  and  Wales,  we  founded 

^*^  Estimate  of  the  average  consumption  per  head  of  the  popula- 

j^^^,  on  the  calculation  of  eighty-six  different  dietaries,  arranged 

I*      fifteen  divisions,  according  to  sex,  age,  activity  of  mod^  ol 

^>   and  other  ciTcumstances ;  and  the  result  so  obWvcv^^  ^^s 
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compared  with  that  arrived  at  on  the  basis  of  the  population,  d^nd 
of  the  amounts  of  the  available  home  produce,  and  of  the  xiet 
imports  of  wheat,  each  year.     For  Scotland,  and  for  Irehjod, 
it  was  only  possible  to  found  an  estimate  on  the  bans  of  popiH 
lation,  and  on  the  amounts  of  the  home  and  foreign  sapplie& 
On  these  bases  we  estimated  the  average  consumption  of  wheal; 
in  the  United  Kingdom  collectively,  to  be  5j^  bosheli  pet  head 
of  the  population  per  annum,  during  the  later  yean  to  whicfa 
our  inquiry  related;   and  we  have   adopted    that   figure  bom 
that   date   up   to   the   present  time.     This    estimate,   whether 
correct  or  not,  has  from  that  time  been  very  generally  adopted 
by  other  writers  on  the  subject  also.     Its  correctness,  and  its 
continued  applicability,  we  propose  to  consider  on  the  praent 
occasion. 

Thus,  with  regard  to  the  area  under  the  crop,  the  imports,  ^nd 
the  population,  we  adopt,  without  modification,  the  same  dalior 
estimates  as  previously  ;  but  the  basis  of  the  estimates,  and  tbe 
results  arrived  at,  in  regard  to  the  average  produce  of  whe^t 
per  acre  over  the  United  Kingdom  each  year,  and  the  estimites 
of  the  consumption  per  head  of  the  population,  we  ihi^ 
submit  to  examination,  and  to  correction  or  otherwise,  as  th^ 
case  may  be. 

As  already  said,  the  estimate  of  the  average  yield  of  wheal  f^ 
acre  over  the  United  Kingdom  is,  each  year,  founded  on  tb^ 
average  produce  obtained  on  certain  selected  plots  in  the  fiel^ 
at  Rothamsted,  which  has  now  grown  the  crop  for  thirty-**' 
years  in  succession — without  manure,  with  farmyard-msno'^ 
and  with  various  artificial  manures.  There  has  been  no  clisng* 
in  the  treatment  of  the  unmanured  plot,  or  of  the  dangedplo^ 
since  the  commencement  of  the  experiments  in  1843-4.  Tb^'* 
were,  however,  some  changes  in  the  manures  applied  to  tb^ 
various  artificially  manured  plots  during  the  first  eight  jes"* 
from  1844  to  1851  inclusive.  But,  for  the  period  of  twenty-agbt 
years,  from  1852  up  to  the  present  time,  two  of  the  selec^^ 
artificially-manured  plots  have  respectively  received  exactly  th^ 
same  manure  each  year,  and  the  third  has  done  so  for  twest/* 
five  years^  as  described  below.     The  selected  plots  are— 

Plot  3.   Unmanured    every    year,  experiment    comiaencaPK 
1843-4. 

Plot  2.  14  tons  farmyard-mannre  every  year,  cDBuaeflg"^ 
1843-4. 

Plot  7.  Mixed  mineral  manure,  and  400  lbs.  anunonisriv^ 
each  year,  twenty-eight  years,  1851-2,  and  since. 

Plot  8.  Mixed  mineral  mannre,  and  600  lbs.  ammoniA"**'^ 
each  jear,  twenty-eight  yeaTV  \%6\-ii,  wiA  %ULQe« 
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■  lot  9.  Mixed  mineral  manure,  and  550  lbs.  nitrate  of  soda, 
each  jear,  twenty-five  years,  1854-5,  and  since. 

In  forming  the  estimate  of  the  average  produce  per  acre  of 
the  country  at  large,  the  plan  adopted  has  been  to  take  the 
ipean  produce  of  the  unmanured  plot,  of  the  farmyard-manure 
plot,  and  of  the  three  artificially  manured  plots  reckoned  as  one, 
aod  to  reduce  the  result  so  obtained  to  bushels  of  the  standard 
weight  of  61  lbs.  per  bushel.  As  will  be  shown  further  on, 
experience  has  proved  that  this  mode  of  estimate  leaves  but  little 
to  be  desired  as  a  means  of  computation  of  the  average  yield  of 
the  country  over  a  number  of  years ;  but  it  has  not  been  found  to 
he  equally  applicable  for  each  individual  year.  Careful  compa« 
nson  leads  to  the  conclusion  that  the  so-calculated  average  pro- 
duce per  acre  on  the  selected  plots  gives  somewhat  too  high  a 
result  for  the  country  at  large  in  seasons  of  great  abundance, 
wid  too  low  a  result  in  unfavourable  seasons.  Accordingly,  as 
•bove  referred  to,  in  some  seasons,  instead  of  the  actual  average 
indicated  by  the  experimental  plots,  a  higher  or  a  lower  figure 
bas  been  adopted ;  and,  especially  in  the  case  of  some  of  the 
recent  bad  seasons,  a  higher  one  has  been  taken. 

Independently  of  any  such  admitted  differences  between  the 

fo  directly  calculated,  and  the  actually  adopted,  estimates  for 

individual  years,  the  question  arises — whether  the  average  result 

l^^icated  by  the  several  selected  plots  remains  as  applicable  as 

"^retofore  ?  or  whether  the  produce  of  some  is  annually  declining, 

^  that  of  others  annually  increasing,  irrespectively  of  the  in- 

''''^nce  of  season,  so  as  to  vitiate  the  continued  applicability 

^'  ^Uch  results  for  the  purposes  of  such  an  estimate  ? 

^is  Unmanured  Plot — There  can  be  no  doubt  that  the  produce 
^^  this  plot  is  gradually  declining  from  exhaustion ;  and,  inde- 
P^'^dently  of  the  evidence  of  diminishing  produce,  analyses  of 
*^   soil,  at  different  periods,  show  that  there  is  a  gradual  dimi- 
'Jl^^on  in  the  amount  of  nitrogen  in  it.      Owing,  however,  to 
^^    great  fluctuations  in  the  amount  of  produce  from  year  to 
^^i*,  dependent  on  the  season,  it  is  by  no  means  easy  to  estimate 
^^  rate  of  decline  due  to  exhaustion  of  the  soil,  as  distinguished 
^Oi  that  due  to  the  seasons.     In  the  first  place,  it  is  difficult  to 
^y  what  figure  should  be  adopted  as  the  standard  produce  of 
^he  jplot,  by  which  to  compare  the  yield  from  year  to  year.    The 
^liole  field  was  manured  with  farmyard-dung  in  1839,  and  thej' 
S^^^^  turnips,  barley,  peas,  wheat,  and  oats,  before  the  commence- 
ment of  the  experiments  in  1843-4.     The  plot  then  grew  eight 
^*^psof  wheat,  to  1850-1,  without  manure,  before  the  commence- 
ment of  the  period  to  which  our  present  estimates  refer.    No  doubt 
^he  land  would  suffer  more  or  less  exhaustion  during  those  ^\%\. 
*^Iit  years ;  but,  as  serving  to  counteract  the  tendency  \«  AiwXvofc 
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in  yield  iVom  that  cause,  it  happened  that,  taken  together,  those 
eight  seasons  were  of  considerably  more  than  average  produc- 
tiveness ;  so  that,  perhaps,  we  may  assume  the  average  produce 
of  those  eight  years  fairly  to  represent  the  standard  produce   of 
the   un manured   land    independently   of    material   ezhanstioii. 
That  produce  was  equal  to  17  bushels,  at  the  standard  weight  of 
01  lbs.  per  bushel.     If  now  we  calculate  what  should  be  the 
produce  in  each  of  the  subsequent  twenty-eight  years,  on  the 
assumption  that  it  fluctuated  from  the  standard  exactly  in  the 
proportion  of  the  fluctuation  from  year  to  year  of  the  adopted 
average  yield  of  the  country  at  large,  and  compare  the  result  so 
obtained  with  the  actual  yield  of  the  plot  each  year,  we  find 
that  the  latter  shows   an    average  annual    deficiency  over  the 
twenty-eight  years  of  4§-  bushels.     According  to  this  mode  of 
calculation,  therefore,  this  represents  the  decline  of  produce  on 
the  un  manured  plot,  irrespectively  of  season  ;  and  it  may  be  oIh 
served  that,  supposing  it  to  be  uniform  over  the  whole  period,  it 
would  correspond  to  a  rate  of  diminution,  due  to  ezhaustioOv  of 
between  one-quarter  and  one-third  of  a  bushel  from  year  to  yetf« 
It  remains  to  be  seen  whether,  with  a  return  of  good  seasons,  the 
decline  will  be  as  marked  ;  and  also  whether,  in  time,  a  point 
will   be  reached  at  which  the  produce  will  remain  constant, 
excepting  so  far  as  it  is  influenced  by  the  fluctuations  of  the 
seasons. 

Tlie    Farmyard-manure    Plot. — If    the    unmanured    plot     *• 
declining    in   yield   and  fertility,  there  can   be  no  doubt  th** 
the  farmyard-manure  plot  is  increasing  in  fertility.      Analy*** 
at  different  periods  shows  that  the  surface  soil  has  become  mo'*^ 
than  twice  as  rich  in  nitrogen  as  the  unmanured  land.     In  {^^^ 
as  we  have  shown  on  several  occasions,  a  large  amount  of  ^^^ 
constituents  of  farmyard-manure  accumulates  within  the 
and  they  are  taken  up  very  slowly  by  crops.     It  is,  ini 
remarkable  that,  notwithstanding  this  great  accumulation  witl^^l^ 
the  soil,  the  crops  on  the  dunged  plot  never  show  OYet\ux.t9^^ 
ance.     During  the  last  few  years  there  has  even  been  a  c^*^ 
siderable  decline  in  produce,  due  to  unfavourable  seasons,  ^^^^^ 
have  greatly  encouraged  the  growth  of  weeds,  and  especially 
grass  ;  whilst,  owing  to  the  wetness  of  the  seasons,  it  has  Ir  **^ 
quite  impossible  effectually  to  clean  the  land,  and  what 
been  done  to  that  end  has  not  been  accomplished  without  inj 
to  the  crop. 

If,  as  in  the  case  of  the  unmanured  plot,  we  were  to  adopt    ^^ 
average  of  the  first  eight  years,  from  1844  to  1851,  to  iciiii.^*  '*\ 
the  standard  yield  of  the  farmyard-manure  plot,  irrespectively  '^ 
material  accumulation,  the  figure  arrived  at  would  be  88j^  bnsb^'* 
This  is  certainly  a  surpriBinfi;\y  \ow  ^itoAncA  ^  be  obtained  *7 


and  Price  of  Wheats  Sfc.  d 

iial  application  of  14  tons  of  farmyard-manure  per  acre, 
t  years  in  succession,  and  in  seasons  which,  taken  toge- 
ere  of  more  than  average  productiveness.  But  if  we 
lis  as  the  standard  produce  of  the  plot ;  then  calculate 
ould  be  the  produce  in  each  of  the  subsequent  twenty- 
jars,  provided  it  fluctuated  from  year  to  year  exactly  in 
e  deg^e  as  the  average  produce  of  the  country  at  large  ; 
(n  take  the  difference  between  this  calculated  produce 
ing  by  season  alone,  and  that  actually  obtained  each 
i  ascertain  the  increase  or  decrease  due  to  accumulation 
lure.  On  this  mode  of  calculation  we  get  an  average 
increase  due  to  accumulation  of  5^  bushels.  If,  on  the 
and,  instead  of  the  average  produce  of  the  first  eight 
re  take  the  average  of  the  whole  thirty-six  years  of  the 
don  of  the  dung,  we  get,  instead  of  28|  bushels,  321 
,  as  the  standard  with  which  to  compare  the  annual 
^  Adopting  this  figure,  and  following  the  same  line  of 
ion  as  before  to  exclude  the  influence  of  season,  we  have 
age  annual  excess,  due  to  accumulation,  of  only  1;^  bushel, 
ran  be  no  doubt  that,  were  it  not  for  the  adverse  influence 
recent  wet  seasons,  the  estimated  excess  would  be  more 
\  bushels  adopting  the  first  standard,  and  more  than 
el  adopting  the  second.  Probably  the  truth  lies  between 
ro  figures :  and,  if  so,  it  would  appear  that,  up  to  the 
time  at  any  rate,  the  gradually  diminishing  produce  on 
lanured  plot,  due  to  exhaustion,  and  the  gradually  in- 
^  produce  on  the  dunged  plot,  due  to  accumulation, 
mately  balance  one  another. 

Artificially-manured  Plots, — Though  obviously  open  to 
»n,  in  default  of  any  better  alternative,  we  adopt  for 
lots  the  average  produce  of  the  twenty-eight  (or  twenty- 
jars  to  represent  the  standard  yield,  irrespectively  of 
ion  or  accumulation.  Doing  this,  and  excluding  the 
je  of  season  by  the  same  line  of  calculation  as  before, 
no  evidence  of  material  increase,  or  of  material  decrease, 
er  of  the  plots  receiving  ammonia-salts,  other  than  that 
season.  The  first  fourteen  of  the  twenty-eight  years 
d  a  number  of  seasons  of  unusually  high  productiveness, 
i  last  fourteen  a  number  of  unusual  deficiency.  The 
ions  show,  accordingly,  an  excess  over  the  assumed 
d  produce  during  the  first  half  of  the  period,  and  a  closely 
onding  deficiency  over  the  second  half,  in  both  the  cases 
unmonia-salts  were  used.  Where  the  nitrate  of  soda  was 
ed,  there  was,  on  the  other  hand,  a  somewhat  greater 
icy  over  the  first  period  than  there  was  an  ex.cea»  oHct 
Mod,  ittdicating  for  the  total  period  a  sVigVit  detveVenc.^ . 
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Finally,  taking  the  average  of  the  unmanured  plot,  of  the 
farmyard-manure  plot,  and  of  the  three  artificially  manured 
plots  reckoned  as  one,  as  is  annually  done  for  the  purpose  of 
our  estimate;  then  correcting  the  result  for  each  year  as 
before,  for  the  fluctuations  of  season ;  and  comparing  the 
results  so  obtained  with  the  actual  averages,  the  actual  results 
show  a  very  slight  excess  over  the  first  half  of  the  period, 
including  more  than  an  average  of  good  seasons,  and  a  some- 
what greater,  but  still  small,  deficiency  over  the  second  period, 
including  more  than  the  average  of  bad  seasons.  The  average 
of  the  whole  indicates,  therefore,  no'  gain  by  accumulation,  but, 
if  anything,  a  slight  loss. 

Comparing  the  direct  average  of  the  experimental  plots  with 
that  actually  adopted  as  the  average  for  the  United  Kingdom 
each  year,  the  experimental  plots  indicate  for  the  whole  twenty 
eight  years  about  three-quarters  of  a  bushel  less  per  acre 
annum  than  the  actually  adopted  estimates  founded  upon^them. 

Taking  the  average  of  the  twenty-eight  years'  adopted  esti^ 
mate  of  produce  per  acre  as  100,  the  first  column  of  the  folio 
ing  Table  shows  the  deviation  from  this  general  average  for  th 
whole  period,  over  the  first  eight,  the  second  eight,  the  thir-^-^d 
eight,   and  the  last  four,  years  of  the  twenty-eight ;    and 
second  column  shows  the  deviation,  from  the  same  standard, 
the  average  actual  produce  per  acre  on  the  selected  plots : — 

Table  I. — SHOwmo  the  Deviation  over  each  separate  Period 
the  adopted  Average  of  the  whole  Period  taken  as  100. 


First  8  years,  1852-59  ..      .. 
Second  8  years,  1860-^7 
Third  8  years,  1868-75 
Last  4  years,  1876-79  ..      .. 

Total  Period  28  years . . 


ActOAllj 

Adopted 
Averages. 

Averages 

of  Plots, 

3.2.  and 

7,  8,  snd  9. 

103 

104 

98 

89 

101 

106 

99 

71 

100 

98 

So  far  as  the  annually  adopted  estimates  are   correct,    ^^ 
figures  in  the  first  column  indicate  the  actual  fluctuations    ^ 
the  average  produce  per  acre  of  the  country  at  large  due  to  *^ 
characters  of  the  seasons  over  each  period  compared  with   ^ 
others,  and  with  the  total  period. 

The  first  period  of  eight  years  included  two  of  considcr^Wf 
over  average,  another  over  average,  three  rather  under,  and  t^ 
very  much  under  average.     The  result  was,  however,  upon  tb* 
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Ic  slightlj  over  the  average  of  the  twenty-eight  years.  The 
pted  average  produce  showed  3  per  cent  over  the  average 
le  twenty-eight  years,  and  2  per  cent,  over  the  actual  average 
;he  selected  plots — a  higher  figure  than  the  actual  average 
ing  been  adopted  in  the  case  of  the  two  years  of  very  low 
lace. 

^ithin  the  second  period  of  eight  years,  there  were  two  of 
highest  yield  over  the  twenty-eight  years,  two  more  some- 
t  over  average,  two  under,  and  two  much  under  average, 
bis  period  highly  productive  seasons  prevailed  ;  the  adopted 
age  is  4  per  cent,  over  the  average  of  the  twenty-eight  years, 
the  actual  average  on  the  selected  plots  is  6  per  cent,  over, 

per  cent,  higher  than  the  adopted  average. 
I  the  third  period  of  eight  years  there  was  only  one  of  really 
L  produce,  two  more  were  over  average,  one  was  under,  a^nd 

were  considerably  under  average;  the  mean  of  the  whole 
g  under  average.  The  adopted  average  for  the  period  shows 
T  cent,  under  the  average  of  the  twenty-eight  years,  whilst 
average  of  the  experimental  plots  shows  1  per  cent,  under 
average, 
he  last  four  years  included  only  one  over  average,  two  under, 

one  (1879)  very  abnormally  under  average.  Over  this 
od,  the  adopted  average  amounted  to  only  89  per  cent,  of 
for  the  twenty-eight  years ;  and,  with  the  unusual  prevalence 
lad  seasons,  the  experimental  plots  showed  only  71  percent., 
lach  lower  than  the  adopted  average. 

'bus,  it  appears  that,  in  fairly  average  seasons,  the  mean 
lace  of  the  experimental  plots  fairly  represents  the  average 
lace ;  that  in  seasons  of  unusual  abundance  the  experimental 
A  indicate  too  high  a  figure  ;  and  that  in  seasons  of  great 
ciency  they  give  too  low  a  figure.  Upon  the  whole,  it  is 
eluded  that  we  have  no  better  basis  for  estimating  the 
rage  yield  of  the  country  each  year  than  that  of  the  average 
lace  of  the  same  selected  plots  as  heretofore  relied  upon ; 

that,  as  heretofore,  some  judgment  must  be  exercised  each 
*,  according  to  the  characters  of  the  season,  in  deciding 
ther  to  adopt  the  actual  figure  indicated  by  the  experimental 
s,  or  in  which  direction,  and  in  what  degree,  it  should  be 
ii6ed.  It  will,  moreover,  have  to  be  considered  from  time 
ime,  whether  any  reduction  of  area  that  may  take  place  is  in 
to*  degree  due  to  the  elimination  of  districts  where  the  soil, 
be  climate,  or  the  combination  of  the  two,  is  the  less,  or  the 
^  favourable  for  the  crop ;  for  it  is  obvious  that,  other  things 
^  equal,  the  average  produce  per  acre  of  the  remaining  area 

increase  or  diminish  accordingly. 
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The  next  point  is  to  test,  as  far  as  the  means  exist  to  that 
end,  the  correctness  of  the  estimates  of  the  aggregate  home 
produce,  and  of  the  consumption  per  head  per  annum,  as  g^ven 
in  our  former  paper  for  the  first  sixteen  vears,  and  as  annually 
])uhlished  as  forecasts  since  that  period. 

In  our  annual  (estimates  we  have  adopted  a  figure  for  the 
average  produce  per  acre  over  the  United  Kingdom,  calcu- 
lated the  aggregate  produce,  deducted  from  this  the  amount 
required  for  seed,  and  then  estimated  how  much  would  be 
re(juired,  from  stocks  and  imports,  to  make  up  the  total  require- 
ment for  consumption,  this  being  reckoned  at  a  fixed  rate  per 
head  of  the  population.  Now,  however,  we  have  the  actual 
record  of  the  iin  j)orts  each  year,  as  a  fixed  element  of  the  inquiry ; 
and,  adoptin.r  tlu*  same  returns  or  estimates  as  to  area  and  popu- 
lation as  iicrcioiore,  the  question  now  is — not  what  will  be  tbc 
imports,  but  how  far  the  estimates  of  home  produce  have  been 
correct  ?  and  how  far  these  estimated  amounts,  minus  the 
quantities  recjuired  for  seed,  and  plus  the  actual  imports,  give 
a  total  corresponding  with  the  estimated  requirement  for  con- 
sumption ? 

The  following  Table  shows  the  averages,  for  the  first  ei?ht, 
for  the  second  eight,  for  the  third  eight,  for  the  succeeding  three, 
and  for  the  total  period  of  twenty-seven  years,  of — 

1.  T'he  aggregate  home  produce  of  wheat,  deduced  by  calcn- 
lating  the  amount  required  for  consumption  (at  the  rate  of 
5*1  bushels  ])er  head  per  annum  during  the  first  eight  years,  and 
of  5*5  bushels  in  each  subsequent  year,  as  up  to  this  time 
assum(*d),  deducting  from  this  the  nett  imports,  and  adding 
2[  bushels  per  acre  for  seed. 

2.  The  aggregate  home  produce  calculated  according  to  the 
annual  estimates  of  the  average  produce  per  acre,  as  previously 
published. 

3.  The  difference  between  the  estimate  of  total  home  produce 
founded  on  consumption  and  imports,  and  that  founded  on  tbe 
annually  adopted  estimates  of  average  produce  per  acre. 

4.  The  averajje  produce  per  acre,  calculated  from  theaggTCg*^ 
home  produce  founded  on  the  estimated  requirements  for  co^* 
sumption,  and  the  imports. 

5.  The  average  produce  per  acre,  according  to  the  annua**? 
adopted  estimates. 

().  The  difference  between  the  average  produce  per  acre  cJC*" 
lated  from  the  aggregate  home  produce  deduced  from  coniUDt*P^ 
tion  and  imports,  and  the  annually  adopted  estimates  of  ai 
produce  per  acre. 
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.-—Comparing  the  Estimates   of  Home  Pboduob  founded  on  re- 
ents  for   Consumption  and  Imports,  with  those  founded  on  the 
y  adopted  Estimati^is  of   Average  Produce  per  Aors,  over  the 
Kingdom. 


i 
Aggregate  Home  Produce.                              Average  Produce  per  Acre. 

Deduced  from 

calculated 

requirements 

for  Consumption 

and  Imports. 

Acoordinff  to 

Annually 

adopted 

Estimates  of 

Average  Produce 

per  Acre. 

Ajmually 
Estimated, 
+  or  - 
calculated 
according  to  re- 
quirements, &C. 

I 

According 

toOon- 

sumption 

and 

1   Imports. 

1 

According 

to 

Annnally 

adopted 

Estimates. 

Annual 

Estiouite 

+  or  - 

Calculated. 

or— 

; } 

• ) 
■  1 

Quarters. 
14,390,956 

13,312,217 

12,403,525 

10,540,029 

QuArters. 
14,310,779 

13,309,247 

12,684,765 

11,116,910 

Quarters. 

-  80,177 

-  2,970 
+  281,240 
+  576,881 

1 
Bushels. 
28i 

281 

26i 

25{ 

Boshelii. 
28 

28i 

26} 

27i 

Bushels. 
-OJ 

0 

+  0} 

+  u 

-} 

13,054,581 

13.177,373 

+  122,792  j 

1 

27| 

27j 

+  OJ 

ring  out  of  view  for  the  present  any  consideration  of  the 
ible  discrepancies  which  must  appear  between  the  results 
e  two  modes  of  estimate  for  individual  years,  it  is  obvious 
hether  we  compare  the  aggregate  home  produce  founded 
requirements  for  consumption  and  on  imports,  with  that 
d  on  the  annually  adopted  estimates  of  produce  per  acre, 
pare  the  estimated  average  produce  per  acre  itself  arrived 
le  two  different  ways,  there  is,  taking  the  average  of  the 
-seven  years,  comparatively  little  difference  between  the 
thus  variously  arrived  at.  The  annually  adopted  estimates 
luce  per  acre  over  the  United  Kingdom  give,  however, 
;her  result. 

obvious  that,  to  bring  out  still  more  close  conformity  of 
from  the  two  modes  of  estimate,  we  must  either  raise 
imate  of  requirement  for  consumption  per  head,  or  lower 
the  average  produce  per  acre  over  the  United  Kingdom 
le  of  the  years.  Unfortunately,  we  have  little  else  than 
;nt  to  aid  us  in  deciding  between  these  two  alternatives, 
ever,  we  compare  the  average  result  by  the  two  methods 
>rter  periods — for  the  first,  for  the  second,  for  the  third 
ears,  and  for  the  last  three  years,  of  the  twenty-seven,  for 
ie — it  is  seen  that  the  results  of  the  two  estimates  agree 
osely  indeed  for  the  first  two  periods  of  eight  'j^^t^  ^^Oc\.\ 
ity  for  the  third  and  fourth  periods,  tViose  (ovuxdLiexi  otl  ^^ 
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requirements  for  consumption  and  the  imports  are  considera 
lower  than  the  average  of  the  annually  adopted  estimates 
those  periods.  The  fact  is  that,  for  each  of  the  first  two  peric 
the  estimated  consumption  was  itself  finally  founded  on 
estimated  home  produce  and  the  imports  of  the  periods  ;  so  tl 
although  there  will  be  discrepancy  in  the  results  arrived  a1 
the  two  ways  for  individual  years,  there  could  not  be  mate 
disagreement  over  the  whole  of  either  of  those  periods, 
each  of  the  last  two  periods,  however,  the  estimate  of  consul 
tion  per  head  has  been  annually  adopted  independently,  as  i 
cast,  and  the  discrepancy  between  the  results  of  the  two  mc 
of  estimate  for  those  periods  has,  therefore,  a  real  sig^ficanc 
Independently  of  the  question  of  whether  or  not  any  < 
rection  in  the  estimates  for  individual  years  should  be  made, 
foTo«3^<)ing  results  would  lead  to  the  conclusion  that  the  ac 
consumption  per  head,  taken  together  with  the  amount  consu] 
by  stock,  has  been  greater  over  the  last  two  periods  than  has  I 
annually  assumed.  If  now  we  assume  the  requirement  per  I 
to  have  been  5*6  bushels  over  the  third  eight  years,  and  I 
bushels  over  the  last  three  years,  instead  of,  as  previou 
5 '5  bushels  over  those  eleven  years,  this  would  bring  the 
estimates  into  very  much  closer  agreement.  We  should  t 
have  the  average  produce  per  acre  per  annum,  over  the  Un 
Kingdom,  for  the  respective  periods  as  follows : — 


Table  III. 

Average  Produce  per  Acre. 

According  to 

increaBed 
CcmaumpiioD, 
and  Imports. 

Aooordtngto 

Anniial]^^ 

adopted 

EBtimates. 

Average  8  years,  1852-3—1859-60  .. 
Average  8  years,  1860-1—1867-8      .. 
Average  8  years,  1868-9-1875-6      .. 
Average  3  years,  1876-7—1878-9      .. 

Average  27  years,  1852-3—1878-9 

BneheU. 

281 

27 

271 

Bnahels. 
28 

2^ 
27i 

27} 

27t 

It  will  be  observed  that,  with  the  estimates  of  the  average  c 
sumption  per  head  raised  as  above  supposed,  the  average  prod 
per  acre  founded  on  consumption  and  imports  is  slightly  hi| 
over  the  last  two  periods  than  that  founded  on  the  amm 
adopted  estimates.  It  must  be  borne  in  mind  that  the  qnan 
of  wheat  consumed  by  farm-stock  is  an  unknown  and  van 
eJement ;  and  either  the  estimate  of  the  consumption  per  I 
of  the  population  must  be  &xed  U>  mc\\sAft  \.\Mt  %v«ca^  couib 
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in  other  ways,  or  the  annual  estimates  of  produce  per  acre, 
of  the  aggregate  home  produce  founded  upon  them,  should 
ed  those  founded  on  consumption  and  imports.  It  maj  be 
arked  that  an  increase  of  one-tenth  of  a  bushel  in  the  con- 
ption  per  head  per  annum  would,  if  derived  from  home 
luce,  represent  an  increase  of  one  bushel  per  acre  per  annum 
'  the  United  Kingdom,  assuming  a  population  of  33,000,000, 
an  area  under  the  crop  of  3,300,000  acres ;  figures  which 
ilj  represented  the  actual  facts  a  very  few  years  ago.  It  is 
ous  that,  with  an  increasing  population,  and  a  diminishing 
under  wheat,  such  an  assumed  increase  in  consumption  per 
I  would  correspond  to  more  than  a  bushel  per  acre, 
able  IV.  (over-leaf)  shows  the  amount  of  home  produce  re- 
ed for  consumption  within  each  harvest-year,  as  calculated  by 
icting  the  nett  imports  from  the  estimated  total  requirement 
consumption,  adopting  the  increased  estimates  of  consump- 
per  head,  as  above  assumed,  for  the  last  eleven  years  ;  and, 
omparison  with  the  result  so  obtained,  there  is  given  the 
int  of  home  produce  available  for  consumption  each  year, 
rding  to  the  annual  estimates  of  the  average  produce  per 
with  2^  bushels  per  acre  deducted  for  seed.  The  difference 
een  the  two  is  shown  in  the  last  column.  % 

ben  it  is  borne  in  mind  that  the  first  estimate  (Col.  4) 
^sents  the  requirement  alone  each  year,  and  the  second 
.  5)  the  amount  available  for  consumption  from  the  estimated 
d  crop  each  year,  it  will  be  obvious  that  agreement  between 
wo  estimates  for  individual  years  is  not  to  be  expected, 
amounts  carried  over  from  one  harvest  year  to  another  will, 
>urse,  vary  exceedingly  according  to  circumstances,  the  in- 
ce  of  which  cannot  with  any  certainty  be  estimated.  We 
,  for  example,  no  reliable  information  as  to  the  quantity  of 
3-produced  wheat  held  in  the  farmer*s  hands,  the  quantity 
imed  by  farm-stock,  or  otherwise  used,  or  the  quantity  of 
g^  wheat  held  over  in  the  granaries.  Then,  again,  the 
d  length  of  the  period  to  be  provided  for,  dependent  on  the 
aess  or  the  lateness  of  consecutive  harvests,  has  to  be  taken 
account. 

eferring  to  the  actual  differences  for  individual  years,  as 
m  by  the  figures  in  the  last  column  of  the  Table  (IV.), 
1  obvious  that,  whilst  there  may  be,  and  frequently  is,  an 
8S  of  wheat  available  over  that  required  for  consumption 
in  the  harvest-year,  there  cannot  be  an  actual  deficiency. 
Iioat  attempting  to  account  for  each  individual  difference,  it 
be  observed  that  the  deficiencies  which  the  figures  indicate 
>me  of  the  earlier  years  would  doubtless  be  compensated^  at 
fate  in  part,  if  the  balance  were  broueht  {oTwarti  boia  \>Ckfc 
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IWl.l.l-!. 

gn.rim 

yuinrr. 

yiutlm. 

Qouten 

i8:i2-3 

i7'..w.;«i 

5,M12,(i0O 

l],C30.:i51 

10,433,464 

-  1,202,890 

17.01)7.719 

6.002,000 

11,515,749 

9,337.546 

_  2.17S,i(B 

l>i54-5 

17,Tlil.71l» 

2,y(!3.000 

14,718,710 

16,427.742 

+  l.TW.OM 

11*5,-.-  (J 

17, 8  Hi. 807 

3,-J05,Ol)0 

14, .151, 807 

12,770.300 

-  1.77i,i07 

ls3f!  7 

i7.;':i-j.!iin 

1.112.S84 

13,8111.780 

13.007.453 

-      S'^'JS 

lHy7-8 

i8.o.-i5.Qa 

5,795.087 

12,2;-|9,975 

10,143.915 

+  3.883.9« 

1858-11 

18.1''3,«71 

4..'i55.e70 

13,628.001 

15.147,874 

+  l.SI9,ST3 

18511-0) 

18.:HK;.217 

4,SI0,332 

13,789,915 

12.004.575 

-  1.7»S,M0 

iwsri-i 

111.  1-71,  i<0« 

10.(K>3,1M38 

9,851.000 

9,P50.012 

+      H)i.OH 

ie«i-a 

2fl. 02.1.. 170 

9,099.455 

10.920,121 

11,175,183 

+      ^■'^ 

l«R!-!i 

2i),105,.1IO 

9,2ll5,U8G 

10,900,4.54 

12.682,009 

+  1.M1.6" 

IHtLS-i 

20.287,rriM 

6.991,270 

13.290,324 

10  881,807 

+  3.58S.4» 

lNiH-5 

20,ll!l,;«l 

5.500,705 

14,918,616 

15  179.78S 

+      *«'-lS 

IRItS-fi 

20, 517,130 

7.313,026 

13.2;«.lfli 

12,950  305 

-      ^^'^. 

18110-7 

2li,0J«.«l:i 

7,033,0aS  1  13.0.11,780 

10  458  «4.1 

-  2.M3.1M 

1807-8 

20.S-I0,(!(i0 

9,015,543 

11,815,057 

a,  545  SM 

-  '^.-^'^HL 

18(iS-!l 

2i.30S.17M 

7,710,3Oi 

13,648.S74 

is,  620  0611 

+  i.!w.l!S 

18li!)-70 

21,.'ht2,105 

1).  921. 520 

11.010.579 

13,801  205 

+  ^'^ 

1870-1 

21, 90:1,  M7 

8,008. esB 

13.300,508 

13.047  554 

-   *«'S 

1871-2 

22,224,385 

9.318,600 

12,a07.7S5 

0  382  493 

_  2,S2S.»« 

1872-3 

22,428,445 

12.291  463 

10,130,982 

0  405  0.^3 

+      2W.071 

1873-4 

22.022, !l.-.2 

11.301  316 

11,321,630 

9,261,375 

-  2  ■«»'?" 

JS7-1-.'. 

'.*2,8i(],->.18 

11,705.255 

11.135,003 

12,898,085 

+  1,763.083 

1H7.V0 

23,082.Xi3 

13,800,079 

!t.2'i2,251 

3,033,000 

-      l'»-?S 

1870-7 

23,537,40.1 

12,107,294 

11.430.201 

8,8.17,015 

-  2.573.1?^ 

1877-8 

23,8^6.133 

14.408,028 

9.417,505 

10,039.073 

+    *»''5f. 

1R78  -!t 

21,0.->8.2I0 

14.115.640 

9,912.567 

11,698,672 

-1-  1.786.105 

lS7'J-80 

(21,3:14.025)  (10,409.9.13) 

(7.924,092) 

(5,047.840) 

(-2,676^2' 

i8.i2-;>i) 

I7,li;t2,a20 

4,032.784 

13,240,030 

13,159,859 

- 

SO.lTi 

8  Vbotb. 
1800 -tl7 

20.3,1t.44.'( 

8,097.701 

12.2.10,082 

12,253,712 

- 

!.97« 

^2.2,-,!, 000 

10,515,548 

11,735,452 

11,619,353 

_ 

iis.offl 

1870-78 

23,807,281 

13,553,857 

10,253.424 

10,198,253 

- 

SS.l"''' 

27  Yrara. 
18.12-78 

■.'O..170,fl0.1 

8,399.641 

12.171.024 

12,105,837 

- 

65.I*' 
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diatelj  preceding  years,  the  last  three  of  which  were 
us  of  more  than  average  productiveness,  and  of  lower  than 
ge  price,  conditions  which  imply  abundance.  Then  as  to 
of  the  excesses.  It  may  be  mentioned  in  illustration  that, 
ch  of  the  four  consecutive  years  1862,  3,  4,  and  5,  there 
(lore,  and  in  two  of  them  very  much  more,  than  the  average 
ice  over  the  country  at  large  ;  and  it  was  estimated  that,  at 
arvest  of  1865,  there  still  remained  over  from  the  extra- 
ary  crop  of  1863,  and  the  abundant  one  of  1864,  wheat 
to  from  one-third  to  one-half  of  an  average  crop ;  and  that, 
at  the  harvest  of  1866,  some  of  the  crop  of  1863  remained 
ashed.  It  may,  indeed,  be  stated  generally,  that  as  a  rule 
ccesses  follow,  as  they  should,  seasons  of  high  productive- 
and  the  deficiencies  seasons  of  low  productiveness, 
screpancies  between  the  two  results  for  individual  years  are, 
ct,  inevitable ;  and  the  figures  strikingly  illustrate  the 
ilty  of  the  subject,  so  far  as  individual  years  are  con- 
i.  But  if  the  bases  of  the  estimates  are  correct,  the  results 
!  two  methods  should  agree  when  averaged  over  a  sufficient 
ler  of  years.  An  examination  of  the  averages  for  the 
ent  periods,  given  at  the  foot  of  the  table,  will  show  that, 
the  increased  estimates  of  consumption  per  head  for  the 
wo  periods,  the  agreement  between  the  differently  obtained 
8  is  really  very  close. 

lally,  as  to  the  questions — whether  our  previous  estimates 
?  consumption  of  wheat  per  head  of  the  population,  over 
irst  two  periods  of  eight  years  each,  are  correct?  and 
ler  we  are  to  conclude  that  there  really  has  been  an 
ised  consumption  per  head  in  the  subsequent  years  ? 
ere  can  be  no  doubt  that  the  average  consumption  per  head 
ncreased  in  the  United  Kingdom  as  a  whole  since  the 
lishment  of  free  trade  in  corn ;  and  there  can  be  but  little 
t  that  it  has  done  so  less  rapidly  during  the  later,  than 
g  the  earlier,  years  since  that  change.  This  will  be  the 
at  any  rate,  with  the  much  larger  proportion  of  the  total 
lation  which  is  comprised  within  England  and  Wales ; 
;h  the  increased  consumption  has  probably  been  developed 
in  Scotland,  and  perhaps  in  Ireland  also.  The  amount 
imed  will  obviously  vary  according  to  the  prosperity  or 
wise  of  the  people,  to  the  price  of  wheat  itself,  and  to  that 
her  articles  of  food  also.  With  regard  to  the  price  of 
t,  barring  exceptional  cases,  there  has  been  a  general 
ncy  to  decline  throughout  the  period  to  which  our  esti- 
I  refer.  Independently  of  the  influence  of  lower  prices,  and 
e  increased  prosperity  of  the  masses  of  the  population, 
ig  the  circumstances  tending  to  increase  the  consumption 
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of  wheat  in  recont  vears  may  be  mentioned  the  increased  price 
of  meat ;  whilst,  among  those  tending  to  limit  the  rate  of 
increase  of  consumption  may  be  noted  the  fact  that  the  propor- 
tion of  the  total  wheat  consumed  which  is  derived  from  foreign 
sources  is  rapidly  increasing,  and  the  drier  foreign  wheats  will 
undoubtedly  yield  a  larger  percentage  of  flour,  and  flour  of  better 
quality,  than  much  of  the  home-grown  grain. 

As  already  explained,  the  estimates  of  consumption  per 
over  the  first  sixteen  years,  although  controlled  by  the  calcu- 
lation of  numerous  dietaries,  were  finally  founded  on  the  estimated 
amounts  of  home  produce  and  the  ascertained  amounts  of  the 
imports  ;  and  they  were  calculated  for  the   first  half,  atnd  the 
second   half  of  that  period    separately,   in    order   to   astertain 
whether  or  not  an  increased  rate  of  consumption  were  indicated. 
The  result  was  that  the  so  reckoned  available  supplies  showed  a 
consumption  of  about  5'1  bushels  per  head  per  annum  over  the 
first  eight  years,  and  of  5*5  bushels  over  the  second  eight  jearJ. 
Of  course,  even  supposing  that  the  estimates  of  the  available 
supplies  over  the  whole  period  were  correct,  and  that  there  was 
a  considerable  increase  in  the  rate  of  consumption  during  the 
period,  it  is  not  to  be  assumed  that  there  was  the  sudden  nie 
iVom  the  first   to    the   second    eight   years,   which    taking  the 
averages  over    those    separate   periods   shows.       It    is,  indeed, 
doubtful  whether  the  estimates  of  consumption  per  head  over 
the  earlier  years,  as  deduced  from  the  amounts  estimated  to  be 
available  from  the  home  produce  and  the  imports,  may  not  be 
somewhat  too  low,  due  to  an  under-estimate  of  the  area  under 
the  crop  in  those  years,  and  to  no  allowance  being  made  fo^ 
stocks  brought  forward  from  previous  years.     But,  as  no  data 
exist  upon  which  to  base  a  trustworthy  correction,  the  safer  altef" 
native  seems  to  be  simply  to  call  attention  to  this  probability. 

Then,  again,  a  careful  consideration  of  our  annual  estimate* 
of  produce  per  acre  subsequent  to  the  first  sixteen  years,  leads  ^ 
the  conclusion  that  some  are  more  probably  too  low  than  to© 
high.  For  18G()  and  1867,  for  example,  our  own  estimates  »^ 
lower  than  those  of  some  others ;  and  that  for  1867,  at  any  rat^» 
may  we  think  probably  be  somewhat  too  low.  But  here,  aga***' 
there  is  lack  of  sufficient  evidence  to  justify  an  alteration. 

• 

Upon  the  whole,  we  are  disposed  to  conclude  that  our  ^^V" 
mates  of  consumption  per  head  during  the  first  period  of  ei^ 
years  may  be   somewhat  too  low.     We  also  conclude  that  ^ 
previously  published   estimates  of  consumption    for  the   y^^ 
subsequent  to  the  first  sixteen,  are  more  probably  too  low,  tb^ 
that  our  estimates  of  average  produce  per  acre,  and  of  aggre^^ 
produce  i'r)un<le(l   upon  tlieiu,  axe   to<i  high.     For  the  rea^^ 
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1,  however,  we  adopt  our  previous  estimates  of  average 
ice  per  acre  each  year  without  change.  We  also  adopt 
irevious  estimates  of  consumption  per  head  for  the  first  two 
As  of  eight  years  each  without  change.  But,  for  the  third 
d  of  eight  years  we  assume  the  consumption  to  have  been 
i  rate  of  5*6  bushels  per  head,  and  for  the  last  three  years 
e  rate  of  5*65  bushels,  instead  of  5*5  bushels  over  those 
n  years,  as  previously  reckoned. 

t:ordingly,  until  further  experience  should  indicate  further 
^  to  be  necessary,  we  propose  to  adopt  5J  bushels  as  the 
ge  consumption  per  head  of  the  population  per  annum, 
the  United  Kingdom. 

ble  IV.,  p.  16,  shows  the  estimated  aggregate  consump- 
of  wheat  in  each  year,  and  the  amount  of  it  derived  from 
!  and  foreign  sources  respectively  ;  and  Table  V.,  which 
w$  (facing  p.  20),  brings  to  one  view  the  particulars  of  the 
lated  home  produce,  of  the  imports,  of  the  consumption  per 
,  of  the  average  '  Gazette '  price  per  quarter,  and  of  the 
of  wheat  (at  the  average  *  Gazette '  price),  in  the  United 
dom,  in  each  of  the  27  (or  28)  harvest-years,  from  1852-3 
the  present  time. 

ferring  to  the  upper  portion  of  the  table  for  all  details,  and 
i  text  for  further  information  respecting  some  of  them,  the 
id  tendency  of  the  changes  which  have  taken  place  within 
teriod  of  our  review  is  clearly  indicated  in  the  average 
s  over  the  periods  of  8,  8,  8,  3,  and  27  years,  given  at  the 
»f  the  table. 

cording  to  the  figures,  the  area  under  wheat  was  about  20 
mt.  less  over  the  last  3,  than  over  the  first  8  years,  of  the  27. 
e  average  produce  per  acre  over  the  United  Kingdom  was 
lerably  less  over  the  last  two  than  over  the  first  two 
Is.  It  amounted  to  only  27|  bushels  over  the  whole 
BITS,  as  compared  with  28^  bushels,  which  we  had  previously 
ed  to  represent  the  average  produce  per  acre  of  the  country 

ing  to  the  reduced  produce  per  acre  in  recent  years,  the 

>^te   home  produce  has   reduced  in  a  somewhat  greater 

i  than  has  the  area  under  the  crop. 

i  annual  imports  (less  exports)  averaged  about  three  times 

eh  over  the  last  3,  as  over  the  first  8,  of  the  27  years. 

3  total  consumption  of  wheat  per  annum  has  increased  from 

srage  of  about  18  million  quarters  over  the  first  8  years,  to 

'  24  million  quarters  over  the  last  3  years. 

x>rding  to  the  figures,  the  average  consumption  per  head 

inum  was  only  about  5*1  bushels  over  the  first  8  yeaTft^awd 

mnted  to  5 '64  bushels  over  the  last  3  yeaTft. 
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The  price  of  wheat  per  quarter  has  declined  from  a 
of  57^.  8^.  over  the  first  8  years  (including  the  peri 
Crimean  War)  to  49^.  over  the  last  3  years. 

The  annual  value  of  the  home  produce  available  for 
tion  has  declined  from  an  average  of  nearly  38,000,( 
the  first  8  years,  to  less  than  25,000,000/.  over  the  last 

The  annual  value  of  the  imported  wheat  has  increase 
average  of  little  more  than  13,000,000/.  over  the  first  { 
more  than  33,000,000/.  over  the  last  3  years. 

The  annual  value  of  the  total  wheat  estimated  to  be 
has  ranged  from  under  40,000,000/.  to  more  than  71,1 
and  it  has  increased  from  an  average  of  about  51 
over  the  first  8  years,  to  more  than  58,000,000/.  ovi 
3  years. 

The  average  annual  cost  of  wheat  per  head  has 
reduced  in  the  later  periods ;  and  it  has  been  36s.  2d 
27  years. 

Over  the  whole  period  of  27  years,  40*2  per  cent,  of 
consumed  has  been  derived  from  imports ;  and  the  an 
plied  from  foreign  sources  has  increased  from  an  t 
26*5  per  cent,  of  the  total  over  the  first  8  years,  to  57*1 
of  the  total  consumed  over  the  last  three  years,  of  the 
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Ill  Tables— II.  p.  13,  III.  p.  14,  IV.  p.  16,  and  V.,  facina;  p.  S 
some  alterations  from  the  figures  relating  to  the  later  years  as 
curresix)nding  Tables  in  the  *  Journal  of  the  Statistical  Society'  ( 
and  in  the  'Journal  of  the  Royal  Agricultural  Society,'  (vo 
Pan  II.)>  from  which  latter  this  is  otherwise  a  reprint.  For  t 
the  corrections  are  required  owing  to  the  impons  and  exports  ol 
having  been  originally  taken  from  the  '  Trade  and  Navigatic 
Returns,  in  which  the  British  exports  of  wheat  and  wheat-meal 
not  •;iven.  These  are  now  taken  from  the  weekly  *  Grazette '  Ret 
uarily  the  amounts  of  such  exports  are  not  very  material^  but 
tliey  are  so,  as,  for  instance,  about  the  time  of  the  Franco-Germa 
corrections  now  made  in  the  Tables,  which  make  the  records 
complete  and  exact,  have  necessitated  a  few  slight  alterations  in  ' 
they  do  not  affect  any  of  the  main  conclusions  drawn. 
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[From  the  Proceedings  of  the  Rotal  Society,  No.  205, 1880.] 


"  Agricultiiral,  Botanical,  and  Chemical  Results  of  Experi- 
ments on  the  Mixed  Herbage  of  Permanent  Meadow,  con- 
ducted for  more  than  Twenty  Years  in  Succession  on  the 
same  Land.  Part  IL  The  Botanical  Results."  By  J.  B. 
Lawes,  LL.D.,  F.RS.,  F.C.S.,  J.  H.  Gilbert,  Ph.D.,  F.R.S., 
F.C.S.,  F.L.S.,  and  M.  T.  Masters,  M.D.,  F.R.S.,  F.L.S. 
Received  June  17, 1880. 

(Abstract.) 

Part  II. — The  Botanical  Results. 

In  Part  I  ("  Phil.  Trans.,'*  Part  1, 1880),  under  the  title  of  the  "  Agri' 
cultural  Results y**  a  general  description  of  the  experiments,  with  fi^** 
particulars  of  the  conditions  of  manuring  of  each  of  the  more  ihm^ 
twenty  plots,  was  given.     The  effects  of  each  condition  of  manarin^ 
on  the  character  of  growth  of  the  herbage,  as  illustrated  in  the  quant^' 
ties  of  produce  yielded,  and  in  the  amounts  of  nitrogen  and  of  miner^ 
matter  taken  up,  on  each  plot,  were  also  fully  considered.     Bat,  ^ 
varied  were  the  components  of  the  mixed  herbage,  both  as  to  the  specif 
grown,  and  as  to  the  character  of  development  of  the  plants,  that,  ^ 
render  the  ^^Agricultural  results*^  sufficiently  intelligible,  and  to  preve^* 
misconception,  if  the  element  of  quantity  only  were  taken  into  accoui*^ 
it  was  found  necessary  to  describe,  in  general  terms,  the  differences  i^ 
the  botanical  composition,  in  the  character  of  development,  and  ^ 
some  points  in  the  chemical  composition  of  the  produce  also.    Tii0 
object  of  the  present  section  is  to  describe  and  discuss,  more  in  detail 
what  may  be  called  the  botany  of  the  plots ;  that  is,  to  show  both  tbe 
normal  botanical  composition  of  the  herbage,  and  the  changes  induced, 
by  the  application  of  the  different  manuring  agents,  and  by  variatioDfl 
in  the  climatal  condibions  of  the  different  seasons  ;  and,  as  far  as  mij 
be,  to  ascertain  what  are  the  special  characters  of  growth,  above-gronnd 
or  under-groundi  normal  or  induced,  by  virtue  of  which  the  variooi 


557 


On  the  Mixed  Herbage  of  Permanent  Meadow. 


species  have  dominated,  or  have  been  dominated  over,  in  the  struggle 
which  has  ensued. 

The  method  of  taking  the  samples,  and  of  conducting  the  botanical 
Eknaljses  and  observations,  is  described.  The  characters  of  the  seasons 
Ln  which  complete  botanical  separations  were  made,  as  well  as  those  of 
some  of  the  seasons  leading  up  to  the  years  of  separation  themselves, 
axe  discussed.  The  flora  of  the  collective  plots  is  described ;  and  the 
organization  by  means  of  which  the  constituent  plants  may  maintain 
tliemselves,  or  succumb  in  the  competition,  is  considered.  The  charac- 
-teristics  of  the  individual  dominant  plants  are  pointed  out;  and, 
finally,  the  botany  of  each  of  the  twenty-two  plots  is  fully  detailed, 
&nd  the  changes  induced,  by  season  or  manuring,  are  discussed. 
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BREAD     REFORM 


BETTER  FROM  DR.  J.  H.  GILBERT,  F.R.S.,  TO  THE- 


SECRETARY  OF  THE  SOCIETY  OF  ARTS. 
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Dr.  J.  H.  Gilbert,  F.R.S.,  writes  to  the  Secretary  of 
the  Society  regretting  his  inability,   on  account  of 
presBiire  of  other  work,  to  read  a  paper  at  Uie  Society 
of  Arts  during  this  present  Session,  and  goes  on  to  say, 
**  If  I  had  any  spare  time  for  such  a  purpose,  I  should 
be  diBposed  to  uscuss  the  important  food  question  of 
the  so-called  bread  reform.     Many  years  ago  Mr.  Lawes 
and  myself  went  somewhat  fully  into  some  of  the  points 
involved   (Journal    of   the    Chemical    Soeiety^    vol.    x., 
1857).     Wo  showed  the  distribution  of  the  nitrogen, 
the  total  mineral  matter,  the  phosphoric  acid,   &c.,  in 
the  different  mill  products  from  wheat  grain.   It  is  true 
that  about  three-fourths  only  of  the  total  nitrogen  of 
the  grain  are  found  in  ordinary  bread -flour,  the  re- 
maining one -fourth  or  so  being  retained  in  the  usually 
excluded  portions,  which  latter  arc  richer  in  nitrogen 
than  the  noiu*.     But  it  hus  long  been  known  that  a  con- 
siderable part  of  the  nitrogenous  matters  of  the  excluded 
portions  is  not  in  the  same  condition  as  those  in  the  flour ; 
and  it  is  stated  that  they  are  in  an  inferior  dej^^ee 
digestible  and  available.     Recent  investigations  show 
that  only  from  two-thirds  to  three-fourths  exist  in  the 
albuminoid  condition  ;   and  it  is  as  yet   not   settled 
whether,    or    in    what    degree,    the    non-albuminoid 
nitrogenous  bodies  are  of  nutritive  value.     So  far  as 
they  are  not,  the  value  of  the  excluded  portions  will  be 
proportionately  I'cduced  (so  far  as  this  is  dependent  on 
the  nitrogenous  compounds),  and  it  may  be  even  lower 
instead  of  higher,  for  a  given  weight,  than  in  the  flour. 
Of  the  phosphoric  acid  of  the  grain,  it  may  be  said 
that  not  more  than  about  one-third  will  be  found  in  the 
bread-flour.     And,  although  I  am  not  awaie  that  the 
point  has  been  proved,  it  may  bo  that  the  flour  is  in  a 
greater  degree  deficient  in  a  due  proportion  of  phos- 
phoric acid  than  of  nutritive  nitrogenous  compoimds ; 
and,  if  this  be  the  case,  it  is  a  question  whether  it 
would  not  be  better  to  add  phosphoric  acid  in  the  pro- 
cess of  bread-making  (as  is  sometimes  done  in  America), 
than  to  include  the  whole  of  the  more  phosphatic  por- 
tions of  the  gprain.     For,  if  these  were  supplied  in  a 
coarsely- ground  state,  there  would  be  waste  of  food  by 
its  passage  through  the  body  unused  ;  and,  if  so  flnely 
ground  as  to  avoid  the  aperient  action,  it  is  a  question 
whether  evil  would  not  then  arise  from  the  excess  of 
earthy  (and  especially  magnesia)  pliosphate,  causing  accu- 
mulation and  concretion.     Indeed,  notwithstanding-  the 
exclusion  of  so  much  of  the  nitrogen  and  phosphoric  acid 
of  the  grain  from  ordinary  bread -flour,  we  nevertheless 
came  to  the  conclusion  that  such  flour  was  better  food 
than  whole-meal  bread,  for  the  reasons  that  the  nitro- 
genous matters  of  the  excluded  portions  were  of  lower 
nutritive  value ;  that  those  portions  contained  a  con- 
siderable amount  of    indigestible  woody  matter ;  and 
that  the  branny  particles  so  increased  the  peristaltic 
action  as  to  cause  the  passage  from  the  body  of  a  large 
amount  of  the  food  unused.     In  reference  to  the  points 
which  are  now  again  brought  so  prominently  forward, 
we  said,  in  the  paper  above  referred  to  (pp.  33,  34) : — 
'  * '  The  higher  per-oentage  of  nitrogen  m  bran  than  in 
fine  flour  has  frequently  led  to  the  recommendation  of 
the  coarser  breads  as  more  nutritious  than  the  finer. 
We  have  already  seen  that  the  more  branny  portions  of 
the  grain  also  contain  a  much  larger  per-centage  of 


lineEral  matter It  iii,  however,  we  think, 

?Ty  questionable  whether,  upon  such  data  alone,  a  valid 
pinion  can  be  formed  of  tne  comparative  values,  as 
x>d,  of  bread  made  from  the  finer  or  coarser  flours  from 

ae  and  the  same  grain Again,  it  is  an 

idisputable  fact  that  branny  particles,  when  admitted 
ito  the  flour  in  the  degree  of  imperfect  division  in 
'hich  our  ordinary  milling  processes  leave  them,  very 
^nsiderably  increase  the  peristaltic  action,  and  hence 
le  alimentary  canal  is  cleared  much  more  rapidly  of  its 
intents.  It  is  also  well  known  that  the  poorer  classes 
bnost  invariably  prefer  the  whiter  bread ;  and  among  some 
f  .hem  who  work  the  hardest,  and  who,  con8equently» 
rould  soonest  appreciate  a  difference  in  nutritive  quality 
lawies  for  example),  it  is  distinctly  stated  that  their 
reference  for  the  whiter  bread  is  founded  on  the  fact 
lat  the  browner  pasHes  through  them  too  rapidly,  con- 
?quently  before  thcii*  Hystems  have  extracted  from  it  as 
luch  nutritious  matter  as  it  ought  to  yield  them.  It  is 
reely  granted  that  much  useful  nutritious  matter  is, 
1  the  first  instance,  lost  as  human  food,  in  the 
bandonment  of  15  to  20  per  cent,  of  our  wheat- 
rain  to  the  lower  animals.  It  should  be  rcmem- 
ered,  however,  that  the  amount  of  food  so  applied 
»  by  no  means  entirely  wasted.  And  further,  we 
tiink  it  more  than  doubtful,  even  admitting  that  an 
icrcoscd  proportion  of  mineral  and  nitrogenous  consti- 
aents  would  beau  advantage,  whether,  unless  the  branny 
articles  could  be  either  excluded,  or  so  reduced  as  to 
revent  the  clearing  action  above  alluded  to,  more 
utriment  would  not  be  lost  to  the  system  by  this 
ction  than  would  be  gained  by  the  introduction  into 
ho  body,  coincideutally  with  it«  of  a  larger  actual 
mount  of  supposed  nutritious  matters.  In  fact,  aU  ex- 
erience  tends  to  show  that  the  state,  as  well  as  the 
hemical  composition  of  our  food,  must  be  considered  ; 
1  other  words,  that  its  digestibility,  and  aptitude  for 
Rsimilation,  are  not  less  important  qualities  than  its 
Itimate  composition.^ 

"  Of  course,  if  the  branny  portions  were  reduced  to 
perfect  state  of  fineness,  and  it  were  found  that  this 
revented  the  aperient  action,  and  that  other  evils  were 
)t  induced,  or,  better  still,  if  more  of  the  food  material 
m  be  separated  from  the  bran,  and  in  either  case 
ithout  more  cost  than  the  saving  would  be  worth, 
lere  might  be  some  advantage.  But,  to  suppose  that 
hole  wheat  meal,  as  ordinarily  prepared,  is,  as  has 
morally  been  assumed,  weight  for  weight,  more 
itritious  than  ordinary  bread-flour,  is  an  utter  fallacy, 
nnded  on  theoretical  text-book  dicta ;  not  only  en- 
rely  unsupported  by  experience,  but  inconsistent  with 
In  fact,  it  is  just  the  poorer  fed  and  the  harder 
orking  that  should  have  the  ordinary  flour  bread 
•ther  than  the  whole -meal  bread  as  hitherto  prepared, 
id  it  is  the  over- fed  and  the  sedentary  that  should 
ftve  such  whole-meal  bread.  Lastly,  if  the  whole 
rain  were  finely  ground,  it  is  by  no  means  certain 
lat  the  percentage  of  really  nutritive  nitrogenous 
latters  would  be  higher  than  in  ordinary  bread-flour, 
nd  it  is  quite  a  question  whether  the  excess  of  earthy 
hosphates  would  not  then  be  injurious.'' 
Br.  Oilbert  adds  that  Mr.  J.  B.  Lawes  concurs  with 
iiQ  in  the  opinions  stated. 
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The  substance  of  the  following  pamphlet  has  appeared 
in  a  series  of  letters  recently  published  in  the  '  Agri- 
cultural Gazette.'  The  subject  has  been  already 
treated  in  a  more  scientific  manner  by  Dr.  Gilbert 
in  his  opening  address  as  president  of  the  chemical 
section  of  the  British  Association  last  year.  My 
object  has  been  to  bring  out  in  a  different  form, 
adapted  for  a  more  extended  circle  of  readers,  certain 
conclusions,  the  result  of  investigations  at  Eotham- 
sted,  which  at  the  present  time  have  a  most  im- 
portant bearing  on  practical  agriculture. 

J.  B.  LAWES. 


BOTHAMSTED, 

Junt,  1881. 


FEETILITY. 


We  learn  from  geology  that  the  world  which  we 
inhabit  has  passed  through  great  changes,  extending 
over  vast  periods  of  time.  Compared  with  these 
periods,  the  existence  of  man  in  the  world,  however 
far  back  it  may  ultimately  be  traced,  is  quite  a  recent 
occurrence. 

Whatever  difference  there  may  be  in  our  views 
respecting  the  origin  of  species  and  the  law  of 
development,  there  can  be  none  respecting  the  neces- 
sity of  a  creation  of  vegetable  life,  previous  to  that  of 
man  and  animals  as  they  now  exist.  They  both 
derive  their  food  from  plants,  and  even  the  carnivorae 
are  indirectly  dependent  upon  vegetation,  as  the  flesh 
which  they  eat  is  formed  by  plant-eating  animals. 

Amongst  the  many  changes  produced  upon  the 
earth  by  man,  those  that  affect  vegetation  are  full 
of  special  interest.  In  our  study  of  the  lives  and 
habits  of  animals,  some  of  their  operations  appear 
to  be  the  result  of  reason  rather  than  instinct.  For 
instance,  the  storing  up  of  food  for  a  winter  supply 
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appears  to  be  an  act  of  intelligence  and  forethought. 
It  may  be  observed,  however,  that,  previous  to  the 
appearance  of  man,  the  vegetation  as  it  existed 
upon  the  eartli  furnished  the  sole  supply  of  food 
to  every  livinj^  creature.  It  was  reserved  for  the 
higher  intelligence  of  man  to  destroy  this  existing 
vegetation,  and,  in  its  place,  substitute  one  more 
suitable  to  his  wants. 

At  wliat  period  of  the  history  of  the  human  rac^- 
tlio  cereal  gniins  first  formed  part  of  their  foo* 
will  ])robably  never  be  known  ;  there  is,  howevGr:^-^ 
evidence  to  show  that  grain  was  used  by  pre-histo«r"'5 
man,  and  at  tlie  present  time,  in  one  form  or  a^  -  ** 
other,  tli(»  cereal  crops  constitute  the  greater  portw 
of  the  food  of  the  world's  population. 

So  entirely  are  we  dependent  upon  the  seed 
these  annual  phmts,  that  if  we  could  imagine  a  ye- 
in  which  no  crop  ripened  its  seed  throughout 
world,  the  result  would  be  that  the  greater  part  €?f 
tlie  population  would  starve  to  death.  At  the  sam^ 
time  so  artificial  are  the  circumstances  attending  the 
growth  of  these  plants,  and  so  entirely  is  their  exist'- 
ence  dependent  upon  the  care  and  attention  of  man, 
that  without  such  care  they  would  become  again 
as  rare  as  when  man  discovered  their  valuable 
propertic^s. 

Perennial  vegetation  is  the  natural  vegetation  of 
the  earth,  and  so  great  are  the  eflforts  of  Nature  to 
assert  her  riijfhts,  that  if  we  allowed  one  of  our  fields 
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of  corn  to  shed  its  seeds,  and  the  same  thing  to 
happen  as  regards  the  annual  weeds — which  grow 
so  abundantly  among  the  corn  owing  to  our  destruc- 
tion of  their  natural  enemies  the  perennial  weeds 
— it  would  only  be  a  question  of  a  few  years,  more 
or  less,  before  the  soil  of  the  field  thus  left  to  its 
fate,  would  be  again  covered  with  perennial  vegeta- 
tion; while  the  annual  plants  would  either  be 
entirely  extirpated  or  only  exist  as  rare  specimens. 

Although  man  can  live  upon  food  which  does 
not  contain  starch,  still  it  may  be  said  that  the 
daily  want  of  every  human  being,  from  the  time 
he  can  crawl  until  he  goes  into  his  grave,  is  so 
much  starch.  It  constitutes  the  great  bulk  of  the 
daily  food  of  those  who  labour  in  all  countries, 
and  it  is  never  absent  from  the  diet  of  the  wealthy, 
although  their  table  may  be  covered  with  dainties 
furnished  from  every  quarter  of  the  globe.  The 
cereal  grain  crops  are  the  great  starch-producing 
plants ;  the  potato,  which  has  on  this  account  be- 
come a  portion  of  the  daily  food  of  many  nations, 
being  the  only  other  plant  that  can  at  all  compare 
with  them  in  this  respect. 

The  vast  deposits  of  coal  found  in  various  parts 
of  the  world  inform  us  that  the  earth  has  been 
covered  with  vegetation,  which  has  been  destroyed 
and  renewed  over  and  over  again.  The  agricul- 
torist  has  no  direct  interest  in  this  vegetation, 
beyond  the  fact  of  its  furnishing  liim  with  a  supply 

B  2 
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of  fuel,  aiid  a  small  amount  of  manure.    It  is 
otherwise,  however,  with  the  vegetation  that  exist^*^ 
or  has  existed  upon  the  earth  since  the  last  greO-** 
geological   changes   took   place^  and  .the   continent^* 
and   seas   assumed  somewhat  the  position  in  whi< 
we  now  find  them. 

The  natural  vegetation  of  the  earth,  whether  it 
of  forest,  moor,  or  pasture,  is  chiefly  perennial,  an< 
produces    woody    matter   not    adapted    for   food, 
with  the  food  ingredients  so   mixed  up   with  in 
gestible  matter  as  to  be  quite  unfit  to  be  acted 
by  the  human  stomach.     Unless,  therefore,  man  cal 
in  the  aid  of  an  animal  stomach  to  do  the  work 
separation  for  him,  his  first  step  must  be  to 
this  existing  vegetation. 

We  have  been  so  long  accustomed  to  cultivated  fiel 
in*  this  country,  that  we  can  hardly  realise  that  ihi 
ever  existed  in  any  other  state  than  that  in  ^ 
see  them  at  present.  In  the  United  States,  howeT< 
millions  of  acres  are  being  brought  into  cultiyatic^^- 
every  year.  We  see  there,  agriculture  advancing — ^^ 
use  an  expression  which  our  greatest  statesman  appli^^ 
to  our  commerce  a  few  years  ago—- by  leaps  and  boun 
so  that  our  British  farmers  seem  in  a  fair  way 
be  swamped  by  the  competition ;  while  in  Irahtt^ 
and  in  India,  we  have  a  population  pressing  ^ 
severely  on  the  resources  of  the  soil,  as  to  make 
question  of  food  one  of  paramount  importanoe 
our  statesmen.    I  think,  therefore,  that  the 
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**  What  is  fertility  ? "  is  not  otherwise  than  an  ap- 
propriate one  to  consider  at  the  present  moment, 
and  with  this  view  will  now  proceed  to  make  some 
observations  on  the  subject. 

If  we  took  a  quantity  of  rocks,  such  as  we  find 
in    various  parts    of    the    earth's    surface — ^granite, 
slate,    quartz,    limestone,    &c. — -and,   after   grinding 
them    to  different  degrees  of  fineness,  were  to  mix 
them  together  in  different  proportions,  we  could  from 
the  known  composition  of  these  various   rocks,  pro- 
duce  soils  which  would  contain  the  most  important 
mineral  constituents  of  plant  food  in  very  different 
proportions.     Assuming  that  we  purposely  made  one 
soil  as  rich  as  we  could  in  this  food,  one  as  poor  as 
we  could,  with  two   others   in   intermediate    stages, 
and  we  then  left  them  exposed  to  the  ordinary  in- 
fluence  of  sun   and  rain — I  am  here  assuming  the 
experiment  to  be  tried  upon  several  acres,  and  the 
artificial  soil  to  be  several  feet  deep — we  should  find 
"t^hat  the   seeds   of  plants  carried   by  the  winds  and 
^ther  agencies  would  spread   and  grow  upon  these 
^oilfl  with  very  different   degrees   of  rapidity;    and, 
assuming  that  we  were  able  to  watch  the  process  for 
thousands  of  years,  we  might  see  several  remarkable 
changes  in  the   character  of  the   vegetation.      The 
Burplus  pf  the  winter  store  of  acorns  laid  up  by  a 
mouse   might  give  rise    to  a   forest   of  oaks,   thick 
enough  to  destroy  all  the  previous  vegetation  of  grass ; 
and    again    an  accidental  fire  or  a   hurricane  might 
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sweep  away  the  forest  vegetation,  to  be  replaced  by       f^ 
growth  of  some  other  kind.  1^ 

The    character    and    amount    of    the    vegetatioa 
would  differ  greatly    on  the  different  soils,  and  the 
largest  amount  would  be  found  on  the  soil  where  {lie 
plant  could  get  the  largest  amount  of  food. 

There  being  no  carbon   or  combined  nitn^n  i*^ 
tlie  soil,  the  first  plants  would  be  entirely  dependetf:^'^ 
upon   what   they   could  obtain  of  these  substancs^a 
directly  or   indirectly,  from  the   atmosphere, 
water  always  contains   ammonia,  and  the  plant 
the   soil   may  condense  a  certain  further  amount  fro: 
the  atmosphere ;  but  growth,  even  in  the  soil  richi 
in  mineral  food,  would  at  first  be  small,  as  the  d 
composition  of  carbonic  acid  and  fixation  of  carbo 
would  be  limited  by  the  amount  of  combined  nit 
gen   which  the  plant  could  obtain  from  the  so 
mentioned   above;    and   it   would   be   much   greate 
where  the  most    abundant  mineral   food   existed, 
every  particle   of    the    available  nitrogen   would 
there  used  up;  while  where  there  was  less  min 
food,   some   of    the   combined  nitrogen  might 
through  the  soil  and  be  lost. 

Each  year  a  certain  portion  of  the  v^etable  gro 
dies    off:   leaves   and  branches  fall,  and  portions 
the  roots  decay.     Part  of  the  organic  portion  w 
falls  upon  the  surface  of  the  ground,  returns  again 
to  the  atmosphere,  but  a  certain  part  remains,  and 
added   to  that  which   decays  undei^ronnd,  becomes 
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available  for  future  growth.  The  atmosphere  of  the 
soil,  which  at  first  difiered  little  from  that  which 
exists  above  it,  becomes  highly  charged  with  carbonic 
acid,  which  decomposes  the  minerals  in  the  soil,  and 
thus,  year  by  year,  more  and  more  of  the  nitrogen, 
collected  by  each  generation  of  plants,  becomes  avail- 
able for  the  generation  that  succeeds  it. 

This  carbonaceous  organic  matter,  under  the  general 
term  Humus,  was  considered  by  the  chemists  in  the 
early  part  of  the  present  century  to  be  the  main  source 
of  fertility.  The  late  Baron  Liebig  turned  this  idea  into 
ridicule,  and  the  word  has  almost  been  forgotten. 

Under  the  term  humus  I  include  all  those  or- 
ganic compounds  in  the  soil  which  have  gone  through 
certain  stages  of  decay  since  they  formed  parts  of 
living  vegetation.  These  compounds  may  be  dis- 
tinguished from  living  vegetation  by  their  containing 
a  larger  proportion  of  nitrogen  to  the  carbon. 

Upon  the  greater  number  of  ordinary  soils  the  pro- 
portion of  both  carbon  and  nitrogen  becomes  less  and 
less  as  we  penetrate  below  the  surface,  consequently 
these  substances  must  have  liad  their  origin  in  vege- 
tation which  had  once  grown  upon  the  surface.  Some 
soils  which  are  called  alluvial  possess  a  subsoil  fertility 
which  appears  to  have  been  a  deposit  derived  from  the 
remains  of  vegetation  washed  from  other  soils.  Fer- 
tility is,  therefore,  due  to  the  organic  residue  of 
previous   generations  of  plants,    mixed   with  certain 


mineral  substances,  the  most  important  of  which  a^^      V 
phosplioric  acid  and  potash. 

As  the  annual  rainfall  in  most  parts  of  the  world  ^^ 
in  considerable  excess  of  the  evaporatioiii  it  is  evide*:^'^ 
that  those  substances  which  I  propose  to  derigna'^ 
as  the  stock  of  fertility  in  a  soil  mnst  exist  in  a  coi 
paratively  insoluble  form,  or  they  would  hare 
washed  away. 

In   regard  to   potash  and  phosphate  of  lime, 
may  assume  that  they  are  dissolved  by  secretions  froi 
the  plant  when  the  roots  are  in  direct  contact  wil 
them.     Humus  may  be  taken  up  in  a  similar  manni 
and  by   some  plants  more   readily   than  by   othi 
Still,  it  is  not  until  the  nitrogen  of  the  humns 
assumed  the  form  of  nitric  acid  that  its  full  effect  ui 
vegetation  is  realised. 

A  short  time  ago  Schlosing  proved  that  nitrifi< 
tion  was  due   to  the  action  of  a  minute  oi 
which  abounds  in  our  soils.      Under  favourable  coi 
ditions    of    temperature  and  moisture,  nitric  acid 
produced   with  great  rapidity;    it  has   been  provi 
in  regard  to  the  yeast  plant  (which  converts  si 
into  alcohol  and  carbonic  acid)  that^  like  our  ordini 
crops,  its  growth  depends  upon  a  supply  of  mini 
food.     We  know  the  nitrifying  plant  cannot  cany  oi 
its   work  unless   it  is  furnished  with   alkaline   aul 
stances  to    neutralise  the    nitric   acid  formed.         _ 
as  may   be  the   case,  it  requires  alkalis  and  phoa---''^^ 
phates,   we  can    explain    why  it   is    that  the 


passing  through  peaty  soils  does  not  contain  nitric 
acid. 

Under  whatever  conditions  the  nitric  acid  may  have 
been  produced,  there  is  no  doubt,  however,  that  its 
eflScacy  as  an  agent  of  vegetable  growth  is  very 
^eat ;  in  fact,  a  farmer  is  often  willing  to  give  the 
value  of  a  bushel  of  wheat  for  5  or  6  lbs.  of  nitro- 
ff^xx  in  this  form.  Every  one  must  have  noticed 
ttow^  difficult  it  is  to  keep  land  free  from  weeds; 
our  roads  and  gravel  walks,  if  left  undisturbed, 
become  covered  with  vegetation.  As  a  further 
^^stration  I  may  mention  that  upon  the  platform 
^*  the  station  which  I  frequent  a  number  of  minute 
^^J^s  exist  in  the  asphalt,  owing  to  the  escape  of 
®^Xk^Jl  bubbles  of  air  when  it  was  in  a  plastic  state, 
^^^  in  each  of  these  minute  holes  a  small  plant  has 
^^t^n  up  its  residence. 

"When   the  pressure  of  the   atmosphere  was   first 

^isoovered,  but    before    the   cause   was    known,  the 

^*^ilo8ophers   of  the    day   pronounced    that    it   was 

to   Nature's  abhorrence  of  a   vacuum.     A    few 

ago  no  more   rational  explanation    could   have 

given   for   the  persistent  efltorts  of  Nature  to 

er  the  earth  with  vegetation ;  but  modern  science 

^■^  thrown  more  light  on  the  subject.     Boussingault 

1^^5^<5ed  some  garden  soil,  rich  in  organic  nitrogen,  but 

^^^^taining  very   little  nitric  acid,  in  a   closed  glass 

^^sel :   it  was   moistened  and  exposed  to  a  tempera- 

^  "^e  favourable   to   nitrification,  and  was   frequently 
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stirred :    at  the  end  of  a  few  months  this  artifici^ 
I'allow  had  lost  one-half  of  its  carbon,  and  a  fonn^" 
tion  of  nitric  acid  had  taken  place,  which^  if  calculate^ 
on  an  area  of  an  acre,  would  have  been  equivalent  t:-' 
several  hundred  pounds.     In  an  ordinary  winter 
of  this  nitric  acid   would   be  entirely   washed  out 
the  soil.     We  learn   from  this  that  vegetation  pi 
vents  the  escape  of  nitric  acid,  and  stores  it  up 
food  products ;  then  finally,  when  vegetation 
it  assumes  the  form  of  insoluble  compounds  such 
humus. 

Independently  therefore  of  the  removal  of  food 
ducts  from  the  soil,  \yhich  is  the  main  object  of 
tivation,    the   constant   stirring   of    the    soil   briuj 
into  activity  more  of  the  inactive  ingredients,  whiL — -^ 
the  cultivation  of  annual  plants — ^by  leaving  the  soi 
so   long  without   vegetation — ^is    followed    by 
losses   by  drainage. 

We  now  come  to  the  question,  if  fertility  is   thc^ 
result  of  accumulations,  due  to  previous  generation^ 
of  plants,  what  is  exhaustion  ? 

In  this  term  I  intend  to  include  all  those  opera- 
tions of  agriculture,  the  result  of  which  is  to  redaoe 
the  capital  stock  of  fertility  which  the  soil  contained 
when  first  brought  into  cultivation.  The  aim  and 
object  of  agriculture  is  directed  to  this  end :  and 
that  the  complete  exhaustion  of  the  soil  is  not  sooner 
effected  is  not  due  to  any  moderation  on  the  part  of 
the  cultivator,  but  rather  to  the  resistance  which  the 
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soil  itself  offers  to  the  too  rapid  removal  of  its 
treasures. 

At  Rothamsted,  portions  of  seven  fields  have 
been  under  careful  experiment,  for  periods  extending, 
in  one  instance  to  forty,  and  in  all  to  more  than 
twenty  years.  In  addition  to  numerous  experi- 
ments upon  other  parts  of  the  farm,  we  have  about 
50  acres  devoted  to  the  continuous  growth  of  the 
ordinary  farm  crops,  both  separately  and  in  rotation. 

In  all  the  Rothamsted  experiments,  portions  of  each 
field  have  received  no  manure  of  any  sort ;  while 
upon  other  portions  the  manures  we  apply  are  used 
continuously  upon  the  same  plots  of  land,  and  we  thus 
get  some  idea  of  what  is  going  on  in  the  soil.  Al- 
though not  quite  so  interesting  to  practical  farmers 
as  some  of  our  experiments,  those  in  which  the  crops  are 
grown  continuously  without  manure  of  any  sort,  require 
to  be  very  carefully  studied ;  for,  as  the  claims  of 
tenants  for  unexhausted  fertility  are  becoming  more 
and  more  recognised,  tlie  time  seems  to  have  come 
when  some  effort  should  be  made  to  draw  the  line 
between  the  natural  fertility  inherent  in  our  soils, 
which  is  given  in  exchange  for  rent,  and  the  addi- 
tional fertility  which  the  tenant  brings  upon  the 
land  at  his  option,  but  cannot  altogether  remove. 

Many  think  that  the  original  fertility  of  soils  which 
have  been  in  cultivation  for  centuries,  has  long  since 
been  exhausted ;  and  that  the  crops  now  grown  are 
due  to  the  manure  applied  by  the  existing  cultivator. 
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Before  going  into  this  question,  on  which  I  may  \a'^^ 
more  to   say  later  on,  I  will  attempt  to  give 
idea  of  the  changes  which  have  taken  place  ainoe 
land  at  Rothamsted  was  first  brought  into  tillage, 
the    date   when   our  experiments  commenced; 
again  from  that  period  to  the  present  time. 


I  have  before  mentioned  that  all  landwaa  orij 
under  vegetation,  which  was  almost  entirely  pereni 
In  the  earliest  days  of  agriculture  of  which  we  ha^ 
any  record,  the  system  adopted  appears  to  have 
to  break  up  the   woodland,  moor,  or  rough  paati 
and  take  several  corn  crops  in  successioBi  until 
produce  did  not  repay  the  cost  of  the  seed  and  cull 
vation  ;  the  land  was  then  allowed  to  rest  for  soi 
considerable    time,    when    the    same     process 
repeated.      The   exhaustion  of  the  soil  under 
system  would  not  be  very  rapid. 

At  what   period   my  land  was  first  brought 
arable   cultivation   it  is  impossible   to    say,   but 
Kotharnsted  I  have  records  which  prove  that  wl 
and  other  corn  crops  were  grown  250  yean  ago  U] 
the    same  fields   which  are  now  under  experimeia. 
there  are,  however,  no  data  to  show  how  often  a  fi^- 
was  cropped  in  succession. 

Speaking  of  a  period  much  more  recent  than 
to  which  1  am  referring,  Macaulay  says  that  the  — 
yield  of  grain  in  Great  Britain  did  not  exceed  6,000|0(^^  ^ 
qrs.  annually.     Whatever  might  be  the  date  at  wl 
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my  fields  were  first  brought  into  arable  cultivation,  it 
is  probable  that  they  were  previously  in  a  state  of 
rough  pasture  with  trees  interspersed.  On  the  south- 
east side,  and  forming  part  of  the  field,  which  has  been 
under  wheat  experiments  since  1844,  there  is  rather 
more  than  an  acre  of  pasture  left,  and  extending  the 
whole  length  of  the  south-west  side  of  the  same  field 
there  is  also  an  unusually  broad  strip  of  grass,  whence 
probably  the  field  derived  its  name  of  Broadbalk, 
Adjoining  the  wheat  field  is  an  enclosure  contain- 
ing a  few  acres  of  pasture,  which,  judging  from  the 
character  of  the  trees  growing  upon  and  close  by  it, 
has  probably  been  undisturbed  for  centuries,  and 
possibly  may  never  have  been  in  arable  cultivation 
at  all. 

The  soil  of  the  pasture  land  in  Broadbalk  field,  as 

also  of  that  in   the   adjoining  enclosure,  have   been 

:^ubmitted  to  careful  analyses,  and  we  find  that  they 

^o  not  differ  materially  from  each  other.     After  re- 

^Trioving  all  vegetable   matter,   roots,  &c.,  amounting 

^to  several  tons  in  weight  per  acre,  the  first  9  inches 

^>f  the  finely  sifted  mould  contain  5700  lbs.  of  nitrogen, 

"Vrhile  the  second    9   inches  contain  about  2500  lbs. 

^%ciore.     In  these  experiments   the   analysis   was   not 

^5arried  below   18   inches,   but    in    another    plot   of 

pasture,  of  the  same  character,  a  short  distance  off, 

^he  analysis  lias  been  carried  to  a  depth  of  54  inches 

from  the  surface.     Between    18  and    54   inches   the 

nitrogen     gradually    declines ;    still,     the     quantity 
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between  tliese  two  latter  depths  would  amount  **^ 
about  5000  lbs.  per  acre,  or  about  1  lb.  to  ev' 
cubic  yard  of  soil.  If  we  assume  the  sur&ce  soil 
be  9  inches  deep,  we  have  5700  lbs.  of  nitrogen 
the  surface  soil,  and  7200  lbs.  below  it,  makixm 
altogether  nearly  13,000  lbs.  per  acre  within  reach 
the  roots  of  some  of  our  agricultural  crops.  Tim 
nitrogen,  with  certain  minerals,  forms  the  stock  ^i^f 
fertility  which  could  be  drawn  upon  by  those  w"l:»>^ 
first  commenced  growing  arable  crops. 

The  Kothamsted  experiments  had  been  carried  <^^ 
for  some  years  before  we  attempted  to  sample  ax»^ 
analyse   soils,   consequently  the  composition   of  DC»jr 
arable  land,  at  the  time  it  was  first  brought  und^^' 
experiment,  is  not  based  upon  actual  analyses ;  sfeiUf 
the  analyses  made  since  that  period  in  the  variof  ^ 
fields  have  been  so  numerous  that  it  is  not  difficO^l^ 
to   fix,  within  some   reasonable  limits,  the  origio.^ 
composition  of  the  surface  soil.     I  am  disposed    ''^ 
estimate  the  amount  of  nitrogen  in  the  first  9  inc 
of  the  Broadbalk   soil  in   1840  at  about  3000 
per  acre ;  the  second  9  inches  at  between  2100 
2200  lbs.;  this  would  give  a  total  stock  of  6100 
5200  lbs.  per  acre,  which  shows  the  very  considerate-** 
reduction  of  about  3000  lbs.  per  acre  in  the  amo 
of  nitrogen  contained  in  the  arable  land,  as  com 
with  that  contained  in  the  pasture. 

I  may  observe  there  is  nothing  new  in  the  fact 
pasture  contains  a  much  larger  stock  of  fertility 
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the  crop  to  draw  upon  than  arable  land.  Mr.  Caird, 
for  instance,  while  discussing  the  possibility  of  our 
foreign  supply  of  wheat  coming  to  an  end,  refers  to 
the  stock  of  fertility  existing  in  our  pastures  which 
might  be  rendered  available.  It  is  also  further  con- 
firmed b}"  the  saying  that  the  conversion  of  pasture 
into  tillage  makes  a  man ;  and  if,  as  is  certainly  the 
case,  the  accumulation^  of  the  lost  nitrogen  in  the  soil 
is  necessary  to  the  existence  of  a  pasture,  we  can 
readily  understand  that  the  converse  process  of  con- 
verting arable  land  into  pasture  might  be  said  to 
break  a  man.  My  present  object,  however,  is  to 
attempt  to  give  some  definite  form  to  the  term 
fertility;  it  is  true  I  have  only  brought  into 
my  calculation  one  of  its  elements ;  but  it  will 
be  seen,  as  we  go  on,  how  very  important  this 
element  is. 

There  is  every  reason  to  believe  that  the  nitrogen 
in  the  soil  which  lies  below  the  depth  of  9  inches  is 
available  for  vegetation,  still  the  amount  of  roots 
which  penetrates  below  this  depth  is  so  small,  as 
compared  with  the  number  of  those  that  feed  nearer 
the  surface,  that  any  reduction  which  may  occur  in 
the  amount  of  the  nitrogen  at  the  lower  depth  must 
be  comparatively  small,  and  difficult  to  estimate  by 
analyses  unless  periodically  taken  at  very  long  in- 
tervals of  time;  the  measurement  of  such  changes 
as  may  occur  must  therefore  be  left  as  a  legacy  to  a 
succeeding  generation. 
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Since  1839  the  Broadbalk  field  has  grown  one  cr^V     V 
of  barley,  one  of  peas,  one  of  oats,  and  fhirty-dgbt 
crops  of  wheat.     In  1846,  1866,  1865,  1868,  83^^ 
1899,   the   soil  of   various  parts    of  the  field  wB^ 
analysed,  and  it  is  from  the  data  thus  furnished  ih&fc 
my  estimates  are  made. 

In  a  lecture  delivered  by  Dr.  GKlberi  in  the  Soui^l^ 
Kensington  Science  Conferences  in  1876,  he  gave  in  & 
table  the   amount  of  nitrogen  removed  in  the  uK^' 

manured  produce  of  wheat  and  straw  as  follows  :■ 

Eight  years  1844-51,  25  lbs.  per  acre  per  annuics.  t 
twelve  years  1864-75>  16  lbs.  per  acre  per  annum. 

In  a  recent  paper  on  the  home  produce,  consum. 
tion,  imports,  and  price  of  wheat,  we  estimated 
annual  decline  in  the  yield  of  the  unmanured  w1 
crop   at   from  one-third    to  one^uarter  of  a  buslm^ 
per  acre  per  annum.     This  in  forty  years  would 
equal  to  from  10  to  13  bush,  as  the  reduction  of 
crop  due  to  exhaustion. 

With  regard  to  the   nitrogen  in  the    soil, 
analysis  shows  a  reduction  in  the  amount  per  cent. 
compared  with  that  which  preceded  it.   .  The  difficn] 
consists  in  fixing  the  actual  amount  of  such  redi 
tion.     I  am  disposed,  however,  to  estimate  it  at 
1000  to   1200  lbs.   per  acre  during  the  forty  y< 
which  would  be  considerably  more  than  the  amount 
nitrogen  carried  off  in  the  crops  of  wheat. 

From  what  I  have  previously  said  respecting 
production  of  nitric  acid,  and  its  liability  to  be 
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it  of  the  soil  by  drainage  in  the  absence  of  vegeta- 
on,  it  might  be  expected,  in  regard  to  the  continued 
powth  of  a  crop  like  wheat — which  ceases  to  collect 
od  from  the  soil  early  in  the  summer — that  con- 
derable  losses  would  have  taken  place  by  such 
rainage  in  the  earlier  periods  of  the  experiment, 
nfortunately,  however,  we  had  no  drainage  water 
*Uected  from  the  field  at  those  periods.  At  the 
■©sent  time  the  composition  of  the  drainage  water 
the  unmanured  land  rather  indicates  that  the  loss 
nitrogen  by  drainage  is  not  more  than  what  we 
ight  expect  would  be  supplied  by  the  rain-water 
iiw  upon  the  land. 

To  sum  up  this  part  of  the  subject,  we  have 
idence  of  a  very  large  loss  in  the  accumulated 
>ck  of  nitrogen,  based  upon  the  assumption  that  my 
^d  was  originally  pasture ;  there  is  a  further  large 
*s  during  the  period  in  which  the  land  has  been 
^der  experiment  and  growing  unmanured  com  crops, 
ie  crops  are  declining ;  the  amount  of  nitrogen 
fJt^oved  in  the  crops  each  year  is  declining;  and, 
^her,  a  considerable  reduction  of  the  nitrogen  in 
^  first  9  inches,  with  an  indication  of  a  small 
Ixiction  in  the  second  9  inches,  is  shown  by  different 
=tlyses  of  the  soil  itself. 

X?he  experimental  plot  to  which  I  am  about  to  refer 
feived  for  the  first  few  years  an  appUcation  of 
^rent  mineral  manures  and  salts  of  ammonia,  the 
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amount  of  nitrogen  contained  in  these  manurai  bong 
considerably  in  excess  of  that  remoyed  in  the  sinv 
and  com  of  the  crops  of  wheat  grown  by  them.   la 
the    season    1852,  therefore,  when    purely  minoil. 
manures  were  used  alone,  the  land  was  in  a  better 
position,  as  regards  the  exhaustion  of  its  nitrogoty 
than  that  from  which  twelve  crops  had  beem  zemoiod- 
since  the  application  of  manure. 

From  1852  to  the  present  time,  potash, 
magnesia,  and  superphosphate  of  lime  have 
applied  every  year.  The  application  of  potash 
phosphoric  acid  each  year  has  been  more  than 
as  much  as  the  largest  crops  of  wheat  could 
off;  and  as  these  substances  suffer  very  little  losi  1r^ 
drainage,  there  must  have  been  a  considerable 
mulation  in  the  soil  during  the  twenly-eigfat 
of  their  application.  Dividing  the  twenly-eight 
into  four  periods  of  seven  years  each,  we  find 
over  the  first  seven  years  the  mineral-manuied 
gave  a  produce  of  S  bushels  of  dressed  coxiii 
acre  per  annum,  in  excess  of  the  crop  grown  on 
permanently  unmanured  land.  Daring  the 
period  of  seven  years  the  excess  amounted  to 
bushels  annually;  during  the  third  period  it 
1^  bushel;  and  during  the  last  period  it 
bushel  only  more  than  the  unmanpred  crop.  Ik' 
average  produce  over  the  whole  period,  faJmiM*^ 
at  61  lbs.  to  the  bushel,  was,  for  the 
land,  12^  bushels,  and  for  the  minerals  14j^ 
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*  acre.  It  is  probable  that  some  unexhausted 
idue  of  the  nitrogen,  applied  before  1851,  may 
ye  been  available  for  the  crop  grown  by  minerals 
ne  during  the  early  period ;  but  •  even  with  this 
vantage,  the  amount  of  nitrogen  removed  in  the 
iduce  of  the  mineral-manured  crop,  as  given  in 
.  Gilbert's  South  Kensington  lecture  in  1876, 
8,  on  an  average  of  twenty-five  years,  only  22*1 
.  per  acre  per  annum,  as  against  19*3  lbs.  taken 
in  the  unmanured  produce  during  the  same 
riod. 

Under  a  most  liberal  supply  of  minerals,  therefore, 
^  soil  and  atmosphere  combined  have  been  unable 
furnish  3  lbs.  more  of  nitrogen  to  the  crop,  or  to 
i  to  the  produce  more  than  2  bushels  of  wheat 
r  acre  annually. 

Analyses  of  the  soil  have  not  been  made  so  fre- 
3ntly  upon  the  plot,  manured  with  minerals  only, 
upon  the  unmanured  plot,  but,  as  far  as  we  can 
ge,  the  decline  in  the  nitrogen  is  very  similar  in 
h  cases. 

dy  object  in  these  pages  is  to  trace  out  and 
lain  the  sources  of  natural  fertility.  I  must,  there- 
J,  refer  those  who  wish  to  follow  out  the  subject  at 
re  detail,  to  our  article  on  **  Twenty  Years'  Growth 
Wheat,''  published  in  the  Journal  of  the  Royal 
ricultural  Society  of  1864,  which  showed  most 
clusively,  that  it  only  required  an  addition  of  some 
•iWe  compound  of  nitrogen,  to  the  minerals  used 

c  2 
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in  the  experiment  upon  which  I  have  just  been  eonor 
menting,  to  raise  the  produce  of  wheat  to  the  hightft 
amount  which  the  season  was  capable  of  growing.  I 
may  add  that  we  are  now  within  three  yean  of  a 
second  period  of  twenty  years,  when  a  further  report 
may  be  looked  for,  to  confirm  and  strengthen  the 
previous  conclusions. 

I  have  gone  very  fully  into  the  evidence  of  th^ 
sources  of  fertility,  and  the  character  of  the  exhaostioD- 
shown  by  the  experimental  wheat  field,  because  of  ih^ 
great  national  importance  of  wheat  as  a  crop,  u^ 
because  the  evidence  which  this  field  affords  regarding 
the  general  exhaustion  of  the  soil,  and  the  character  9^ 
such  exhaustion,  appears  to  be  very  dear  and  distinefc* 
I  propose  to  treat  the  results  obtained  in  the  otiiB' 
experimental  fields  much  more  briefly,  and  merely 
point  out  their  general  bearing  upon  the  fertility  c>f 
the  soil,  and  the  nature  of  the  exhaustion. 

PERMANENT  BARLEY. 

The  land  devoted  to  this  crop  last  received  an  aj^^* 
cation  of  dung  in  1847  ;  since  then  one  crop  of  wli6B^ 
one  of  clover,  and  81  crops  of  barley  have  bee*^ 
removed.  Only  one  series  of  analyses  of  the  sou 
has  been  made,  therefore  at  the  present  time  ^^ 
have  no  record  of  the  changes  which  are  going  on. 

There  are  several  marked  distinctions  betws^^ 
wheat  and  barley ;  the  former  is  sown  in  the  wist^^ 
the  latter  in  the  spring ;  the  former  requires  a 
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)act  seed-bed,  the  latter,  one  of  a  light  porous 
icter ;  further,  under  the  same  conditions  of 
ite,  the  crops  may  be  differently  affected,  as  wa^ 
3ase  in  1880,  when  the  wheat  crop  proved  very 
ferent,  while  the  barley  crop  was  most  abundant : 
I,  however,  due  allowance  has  been  made  for  all 

distinctions,  we  find  that  the  character  of  the 
Qstion  in  the  field  under  barley  is  very  similar 
lat  in  the  field  under  wheat, 
we  compare  the  produce  of  the  unmanured  barley 
ig  the  first  and  second  periods  of  the  experi- 
;,  we  find  that  the  reduction  in  the  latter — 
mting  to  7  bushels  of  grain  and  4  cwt.  of  straw 
rms   one-third  of  the   whole   produce.     On  the 

which  receives  exactly  the  same  liberal  supply 
linerals  as  the  corresponding  wheat  plot,  there 
also  been  a  decline  of  one-third  in  the  crop, 
inting  to  10  bushels  of  barley  and  5  cwt.  of 
^  per  acre.  While,  therefore,  both  the  unmanured 
the  mineral-manured  land  has  shown  a  propor- 
1  decline,  the  application  of  the  minerals  has 
ed  the  barley  to  produce  annually,  during  the 
e  period,  7  bushels  more  com  per  acre  than  the 
which   received  no  manure ;   this  is  considerably 

than  the  difference  between  the  corresponding 

in  the  wheat  experiments. 
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PERMANENT  BOOTS. 

The  experiments  in  roots  oommenoed  in  1843,  and 
since  that  time,  either  white  tomips,  swedes,  sogv- 
beet,  or  mangels  have  been  grown  every  year  eieept 
three,  when  three  nnmannred  crops  of  barky  mre 
taken  in  succession. 

On  account  of  the  different  kinds  of  roots  grown^ 
and  especially  from  the  clearly  ascertained  fiKst  thak 
the    soil    and    climate    at    Bothamsted  were   more 
adapted  to  grow  sugar-beet  or  mangels  than  tamipAy 
it  is  impossible  to   show  the  diaracter  of  the  fi^" 
haustion  of  the  soil  by  the  same  mode  of  illnstralii^^^ 
as  in  the  case  of  the  wheat  and  barley  crops.    If  ^^ 
were  to  take  the  produce,  for  the  last  ten  yean,  c^^ 
the  sugar-beet  or  mangel  grown  on  the  umnanoie^ 
land,  or  even  on  the  land  receiving  a  large  suiqply  9^ 
minerals,   and  compare  it  with  the  crop  of  tuniip* 
grown,   during   any  ten  years,  under  similar  €00^"" 
ditions,   we    should   show  increased   instead  of  d»^ 
minished  produce,  and  any  conclusion  drawn  ficom  fhK^ 
fact  with  regard  to  the  state  of  fertility  of  tiie 
would  be  erroneous. 

We  shall  be  able  to  form  a  better  judgment 
regards  the  question  of  the  fertility  of  the  soil 
the  fact  that,  during  the  last  ten  years,  the 
amount  of  produce  obtained  by  a  very  liberal 
of  minerals  annually^  has  only  been  a  litUe 
8  tons  per  acre. 


1 
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The  sesMKm   of  1880    was  exceedingly    ^vourable 
■Q't  roots ;  the  general  verdict  of  farmers  was  that  the 
^p  was  one  of  unusual  magnitude,  and  yet  the  pro- 
duce by  the  mineral  manures  was  less  than  6  tons 
of  mangels  per  acre.    The  analyses  of  these  roots  liave 
^ot  yet  been   made,  but  the   nitrogen  they  contain 
'^    amount    to    about    17    lbs.    per    acre.       This 
^  aJmost  identical    with    the    amount    of  nitrogen 
^li^ich    Dr.     Gilbert,     in    his     South     Kensington 
iecrfc^ire,  states  was  taken  off  annually  for  ten  years, 
''fifc^^veen  1864  and  1875,  by  the  wheat  crop  which 
''^^^^ived  a  similar  application   of  mineral   manures. 
*^i"th   a  liberal    supply  of  nitrogen    added   to   the 
^^^:^erals,  the  crop  last  year  in  one  instance  exceeded 
^^     ^ns. 

^VVe  have  made  a  considerable  series  of  analyses  of 

^•^^   soils  of  the  various  plots,  and  have  arrived  at  the 

<^'x^«lusionthat  the  soil,  from  which  the  roots  manured 

''"-^li  minerals  have  been  removed,  is  poorer  in  nitrogen 

thain  the  soil  similarly  manured  which  grows  wheat 

0^    barley.     The   broad  leaves  of  the  root  plant  are 

^^<3    to    obtain    large    quantities    of   nitrogen  from 

™®  atmosphere.     At  the  present  time,  under  a  liberal 

®^Pply  of  all  the   necessary  minerals,   about  15  lbs. 

^^  nitrogen  to  the  acre  is  all  that  our  roots  can  obtain 

""^^cx  soil  and   atmosphere   combined.      With  these 

**^^t»  before  us,  we  may  assume  that  the  large  crops 

^^   )X)ot8,  grown  in  different  parts  of  Great  Britain 

y  Tiaeans  of  mineral  superphosphate,  are  due  to  the 
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amount   of    available   nitrogen   existing  in    the    soil 
during  the  growth  of  the  crop. 

In  order  to  measure  the  exhausting  effects  of  any 
agricultural  crops,  and  also  the  special  character  of 
the  exhaustion,  it  is  not  only  essential  that  crops 
should  be  grown  continuously,  botli  without  any 
manure,  and  with  various  manures  applied  to  the 
same  portion  of  land  without  change ;  but  also  that 
some  of  the  manures  applied  should  grow  full  agri- 
cultural crops.  These  conditions  have  not  been 
fulfilled  with  either  of  the  two  crops  to  which  I  am 
now  about  to  refer,  viz.,  beans  or  red  clover. 

Sine^  1848  a  field  has  been  devoted  to  the  growth 
of  beans,  but  with  very  partial  success.  After  a 
few  years  the  unmanured  produce  was  reduced  almost 
to  nothing,  and  with  no  combination  of  artificial 
manures  could  we  succeed  in  producing  agricultural 
crops. 

Part  of  this  want  of  success  is  due  to  the  character 
of  the  plant — beans  send  down  strong,  fleshy  roots 
into  the  subsoil,  while  much  of  the  food  we  apply 
as  manure  is  deposited  on  the  surface,  and  finds  its 
way  very  slowly  to  the  subsoil,  even  if  it  reaches  it 
at  all.  The  value  of  beans,  therefore,  as  a  rotation 
crop  depends  very  much  upon  the  natural  fertility 
of  the  subsoil.  Beans  are  grown  more  or  less  in  every 
part  of  Great  Britain,  but  in  most  of  the  counties 
the  area  under  this  crop  bears  so  small  a  proportion 
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to  tbat  under  other  crops,  that  evidently  their  more' 
frequent  cultivation  does  not  pay,  and  the  growth  of 
the  crop  itself  partakes  somewhat  of  the  nature  of  an 
experiment. 

In  a  few  localities,  where  large  tracts  of  alluvial 
soil  or  rich  clays  are  found,  beans  are  grown  with 
success ;  but  only  one  or  two  of  the  .  counties  in 
Scotland  grow  any  quantity,  and  in  those  the  alluvial 
soil  extends  over  a  considerable  area.  Although  the 
soil  of  our  bean  field  has  been  submitted  to  analysis, 
the  results,  from  the  want  of  success  in  growing 
the  crop,  do  not  show  whether  exhaustion  is  taking 
place  or  not. 

In  our  attempts  to  grow  red  clover  continuously 
upon  our  arable  land,  we  have  been  even  more 
unsuccessful  than  with  the  beans.  The  crop  has  been 
grown,  however,  for  twenty-five  years  on  an  un- 
manured  but  very  rich  garden  soil,  and  we  find  by 
analysis  that  there  has  been  a  very  great  reduction 
in  the  stock  of  nitrogen  in  the  soil,  in  consequence 
of  the  amount  of  this  substance  which — as  well  as 
minerals — must  have  been  carried  off  by  the  removd 
of  the  crops,  during  this  long  period.  The  result 
of  this  experiment  leaves  very  little  doubt  that  the 
inability  of  our  ordinary  arable  land  to  grow  red  clover, 
is  due  to  a  want  of  sufficient  food  in  the  soil,  and  also 
to  the  want  of  its  proper  distribution. 

It  would  hardly  have  been  anticipated  that  the 
grain  crops   could  thrive  better,   and  get  more  food 


26  Fertility. 

from  a  permanently  unmanured  soil,  than  roots, 
clover,  or  beans,  which  are  known  to  act  as  resto- 
rative crops.  Such,  however,  is  the  caAC  in  the 
unmanured  rotation  which  has  been  under  experiment 
since  1S48. 

When  the  experiments  were  commenced  the  field 
devoted  to  rotation  was  in  much  better  condition  than 
either  the  experimental  wheat  or  barley  fields,  and  yet 
in  a  four-course  rotation  which  included  turnips,  and 
clover  or  beans,  alternating  with  wheat  and  barley, 
the  evidence  appears  to  show  that  a  greater  produce 
of  grain  would  have  been  taken  from  the  land  by  the 
continuous  growth  of  cereals,  without  the  alternation 
of  restorative  crops.    The  turnips  after  the  first  crop» 
when,  as  I  mentioned,  the  land  was  in  good  condi" 
tion,  have  ceased  to  be  a  crop  at  all,  and  with  all  tn® 
aid   of  the   fine  root-growing   season   of  1880,  W^ 
incapable   of  forming   a  bulb.      The  average  of    ^ 
crops  of  beans  was  barely  1 3  bushels,  and  a  red  clo^^ 
crop,    taken   after  an   interval   of  twenty-five  ye^^» 
was  very  small.       The  barley,  however,  has  avera^^ 
34  bushels,  and  the  wheat  27  bushels,  per  acre  duri^ 
the  whole  period,  and  it  is  quite  certain  that  if  wb^* 
had  been  grown  continuously  during  the  twenty-0-^ 
years,  it  would  have  produced  more  than   14^  buslm* 
every  year  ;  or  if  barley  had  been  grown  continuoui^ 
it    would    have    produced    more    than     17    bush. 
annually. 

This  property  which  our  cereals  possess  of  extra 
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ing  nourishment  from  a  soil,  where  other  crops  are 
unable  to  do  so,  will  be  an  important  consideration 
when  we  come,  later  on,  to  estimate  the  exhaustion 
of  the  soil  of  those  countries  which  compete  with  us 
in  the  growth  of  com. 

By  the  employment  of  a  mineral  superphosphate 
every  four  years  the  root  crop  has  been  largely 
increased,  and  when  the  roots  have  been  carried  off 
the  land,  the  succeeding  barley  crop  has  been  very 
much  less  than  that  grown  upon  the  permanently 
unmanured  land,  where  a  very  jnuch  smaller  root  crop 
was  carried  off  over  the  whole  period  of  the  experi- 
ment. 

The    amount  of  nitrogen  removed  in  the    crops 

where  the  superphosphate  was  used,  has  been  greater 

than  that  removed  from  the  unmanured  land,   and 

the  crops  in  both  the  experiments  are  declining ;  the 

analyses  of  the  soil  of  the  two  experiment-s  abo  show 

a  decline  in  the  nitrogen ;  but  still  we  have  no  clear 

evidence  to  show  upon  which  of  the  two  experiments, 

the   crop,  or  the  nitrogen  in  the  soil  is  declining  the 

Haost  rapidly.     It  would  probably  have  been  supposed 

•liat  a  period  of  thirty-two  years  would  have  been 

sufficient  to  establish  a  fact  of  this  nature,  but  such 

nas  not  been  the  case.     There  have  been  only  eight 

crotations  in  the  period,  and  each  crop  has  therefore 

been  grown  only  eight  times.     Owing  to  the  great 

Buctuations  in  our  climate  these  eight  crops  are  not 

sufficient  to  measure  with  accuracy  the   rate  of  de- 
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cline,  more  especially  as  the  last  few  seasons  have 
been  exceptionally  unfavourable  to  the  growth  of 
corn. 

I  have  already  said  that  my  permanent  pasture 
contains  a  much  larger  proportion  of  nitrogen  than 
the  arable  land.  This  excess  probably  amounts  to 
more  than  2000  lbs.  per  acre  in  the  first  9  inches 
from  the  surface,  without  taking  into  account  the 
great  quantity  stored  up  in  the  turf  and  roots. 
Under  these  circumstances  we  might  expect  that 
mineral  manures  would  produce  a  more  beneficial 
effect  upon  pasture  than  upon  arable  land,  and  such 
has  proved  to  be  the  case,  as,  dViring  the  twenty -five 
years  of  experiment,  the  produce  of  hay  grown  by  a 
liberal  supply  of  alkalies  and  phosphate,  has  not  only 
been  very  much  greater  than  the  produce  obtained  upon 
the  permanently  unmanured  pasture  land,  but  also, 
up  to  the  present  time,  it  has  shown  no  perceptible 
decline.  The  grass  is  pale  in  colour,  and  shows  none 
of  the  luxuriance  and  vigour  which  we  find  in  the 
herbage  where  there  has  been  an  application  of 
nitrogen,  as  well  as  of  minerals;  still  the  removal 
of  about  46  tons  of  hay,  containing  more  than  1000 
lbs.  of  nitrogen,  without  any  fresh  application  of  that 
substance  to  the  soil,  is  a  very  interesting  fact. 

No  general  analyses  of  the  soil  of  these  experiments 
took  place  until  they  had  been  carried  on  for  twenty 
years ;  consequently,  its  composition  when  the  experi- 
ments commenced  is  unknown.     But  a  few  selected 
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plots  were  analysed  in  1870,  and  in  1875 — the  twen- 
tieth year  from  the  commencement — several  samples 
were  taken  to  the  depth  of  54  inches  on  each  experi- 
mental plot  of  the  whole  series. 

The  amount  of  nitrogen  in  the  first  9  inches  of  the 
mineral-manured  soil  is  found  to  be  considerably  lower 
than  that  in  the  unmanured  soil.  While,  however,  the 
hay  removed  annually  from  the  unmanured  land  has 
not  much  exceeded  1  ton  per  acre,  the  hay  removed 
from  the  mineral-manured  land  has  amounted  to  rather 
more  than  If  ton  per  acre. 

To  institute  an  exact  comparison  between  the  loss 
of  the  nitrogen  in  the  soil  of  the  mineral-manured 
and  unmanured  land,  and  the  amount  of  nitrogen 
carried  off  in  the  two  crops  of  hay,  would  only  mislead^ 
as  it  would  be  assuming  the  possibility  of  a  minute 
accuracy  in  measuring  the  results,  which,  from  the 
nature  of  the  circumstances,  would  evidently  be  im- 
possible. 

I  have  now  passed  briefly  in  review  the  general 
bearing  of  the  Rothamsted  experiments,  as  regards 
the  fertility  and  exhaustion  of  soils.  Those  who  have 
taken  the  trouble  to  follow  the  results  given  in  the 
preceding  pages,  can  hardly  fail  to  have  noticed  how 
very  much  the  growth  of  our  crops  is  dependent 
upon  the  stock  of  nitrogen  stored  up  in  our  soils ; 
and,  as  the  crops  and  soil  in  other  localities  are,  more 
or  less,  exposed  to  the  same  climatic  influences  as  the 
crops  and  soil  at  Rothamsted,  we  may  fairly  conclude 
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that  such  crops  are,  in  like  manner,  dependent  for  Vtx&^ 
growth  upon  the  sources  of  fertility  stored  up  in  tii^ 
soil. 

I  will  not  here  pronounce  an  opinion  with  regard 
to  the  various  ways  by  which  the  plant,  or  the  so^J 
may  obtain  nitrogen  from  the  atmosphere;  stiU 
giving  them  all  their  full  value,  it  cannot  be  denio^ 
that  some  of  our  crops  have  become  much  rednoo^ 
for  want  of  nitrogen,  even  where  there  was  still  a  ver^ 
considerable  stock  in  the  soil. 

It  would  appear,  therefore,  that  while  our  dops 
obtain   all  the  carbon  they  require  from  the  atn 
sphere ;  for  nitrogen,  they  are  far  more  dependent 
has  generally  been  supposed,  upon  the  stock  wl 
has  been  accumulated  in  the  soil,  or  that  which 
been  applied  in  manures. 


Except  at  Bothamsted  I  am  not  aware  that  any 
tempts  have  been  made  to  procure  suflEicientlyrepreaen 
tive  samples  of  soil  before  they  are  submitted  to 
The  usual  method  has  been,  to  take  abont  a  s; 
of  soil,  which  has  generaUy  been  conisidered  a 
ciently  accurate  measure  for  the  purpose.      With 
the  process  of  taking  the  sample  is  quite  as  impoi 
an  operation,  and  one  requiring  quite  as  much 
and  skill  as  that  of  making  the  analysis. 

Although  we  generaUy  take  our  samples  in 
cessive  9  inches,    still  we  have  occasionally  tak 
them  at   each  3   inches  in   depth,  and    have 


it 
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1:  considerable  differences  exist   in    the    quantity 
nitrogen    as    each    3    inches    receded   from    the 
£ace. 

^  question  then  naturally  arises  as  to  whether  the 
bhamsted  soil,  as  compared  with  other  soils,  is  rich 
poor  in  nitrogen.  It  is  hardly  possible  to  omit  all 
^rence  to  this  point,  but  at  the  same  time,  for  the 
sons  which  I  have  given  above,  a  very  considerable 
rgin  must  be  allowed  for  error,  arising  from  the 
known  depth  at  which  some  of  the  various  samples 
ich  I  am  about  to  bring  forward  for  comparison 
»y  have  been  taken. 

Professor  Schmidt,  of  Dorpat  University,  has  made 
i^ery  elaborate  series  of  analyses  of  the  celebrated 
Lssian  black  soils,  which  are  said  to  be  the  most 
tile  in  the  world.  These  soils  have  also  been 
ilysed  by  Dr.  Voelcker,  for  Mr.  Butler  Johnstone, 
o  owned  an  estate  in  that  part  of  Russia  where 
y  are  found.  There  is  a  general  agreement  between 
two  series  of  analyses ;  I  have  however  adopted 
Be  of  Professor  Schmidt,  as  he  gives  the  depth 
^^hich  his  samples  have  been  taken,  and  the 
tplings  themselves  have  also  been  carried  lower 
^J^  in  the  subsoil. 

to 

-Xi  these  analyses  no  attempt  has  been  made  to 
xnate  the  average  quantity  of  nitrogen  per  acre; 
4ve  therefore  been  left  to  the  alternative  of  either 
^3[ig  the  percentage  of  nitrogen  in  the  soil — which 
^^veys  no   fact  to   a   non-scientific   reader  —  or  of 
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adopting  some  estimate  as  a  basis  of  the  wdght  ^     y^ 
the  soil  itself. 

It  would  be  a  great  mistake  to  suppose  that  fhes^ 
Eussian  black  soils  partake  in  any  way  of  the  chaniotex 
of  the   peat  soils  of  Great  Britain,  whush  are  Yerj 
deficient  in  mineral  matter.     In  Bossia  the  suiface  o^ 
the  black  soil,  richest  in  vegetable  matter,  contains 
84  per  cent,  of  mineral  matter ;  and  nsually  th^ 
soil  contains  90  per  cent.,  and  the  subsoil  finom  90  "fc^ 
97  per  cent,  of  minerals. 

I  estimate  that  the  richest  soil  in  the  series  mi^b^ 
contain,  within  3  feet  of  the  surface,  from  40,000  ^^^ 
44,000  lbs.  of  nitrogen  per  acre. 

The   Bothamsted  pasture  soil,   within   the 
depth,  contains  from  10,000  to  11,000  lbs. ;  and 
arable  land  from  8000  to  9000  lbs.  of  nitrogen  to 
jicre. 

Between  1   foot  10  inches  and  2  feet  8  inches, 
Bussian   soil   contains   more  nitrogen  than  is 
tained  in  the  surface  soil  of  the  Bothamsted  ^ 
and  from  six  to  seven  times  as  much  nitrogen  as-       ^ 
contained  in  the  Bothamsted  soil  at  the  above  depifc^*^ 

Another  Bussian  soil,  which  was   sampled  at 


inches  from  the  surface,  gives  10,700  lbs.  of  nil 
per  acre,  while  the  second  10  inches  give  more 
4000  lbs. ;    but,   below  this   depth,  the  amoont 
nitrogen  is  not  greater  than  that  found  at  the 
spending  depth  in  the  Bothamsted  soil. 

In   one  analysis  it  is  stated  that  white  chalk- 
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I  at  14  feet  from  the  surface  ;  in  another  analysis 
il,  taken  from  arable  land,  the  nitrogen  in  the 
:e  soil  is  not  higher  than  that  found  in  the 
3  land  at  Rothamsted.  Whether  this  is  due  to 
istion  by  cropping,  or  to  the  fact  of  its  being 
ally  a  less  fertile  soil,  there  is  no  evidence  to 
I  may  mention  that  all  of  the  Bussian  soils 
sed  by  Dr.  Voelcker  are  exceedingly  rich  in 
jen. 

the  Journal  of  the  Royal  Agricultural  Society 
>68,  Dr.  Voelcker  gives  some  analyses  of  soils, 

from  the  arable  land  of  a  farm  in  the  neighbour- 
of  Leighton  Buzzard.  The  mean  of  the  analyses 
ro  different  samples  of  soil  gave  the  amount  of 
lbs.  of  nitrogen  to  the  acre  in  the  first  18  inches 
the  surface ;  this  would  be  about  3000  lbs.  per 
more  than  the  nitrogen  in  the  arable  land,  taken 
le  same  depth,  at  Rothamsted.  Agriculturists 
mow  the  two  districts  would  readily  admit  that 
oils  in  the  neighbourhood  of  Leighton  Buzzard 
I  be  more  fertile  than  those  of  the  district  in 
L I  live. 

1858,  Dr.  Voelcker  analysed  samples  of  four 
e  soils  from  the  State  of  Illinois,  brought  over 
[r.  Caird,  from  whom  I  have  ascertained  that 
fairly  represent  the  character  of  the  land  to  the 
L  of  1  foot  from  the  surface.  To  this  depth  they 
I  probably  contain  from  7000  to  10,000  lbs.  of 
jen  per  acre. 

D 
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No  one  has  devoted  bo  many  years  to  the  analj0^ 
of  soils  as  M.  Boussingault,  and  I  shall  dose  this  ptf^ 
of  my  subject  by  a  reference  to  some  analyses  mid^ 
by  him. 

His  farm  is  situated  at  Bechelbronn,  in  Alsaoe,  aa^ 
lie   gives   an   analysis   of  the   soil  of  a  wheat  fiel^ 
there,  which  resembles  very  closely  in  character  tlm^ 
of  the  soil  in  my  district.     It  is  also  somewhat 
markable  that  the  same  five-course  rotation  has  bee: 
adopted  both  in  Alsace  and  Hertfordshire,  the  onl 
distinction  being  that  in  Alsace  the  three  com  crop^ 
comprise   two   of  wheat  and  one   of  oats,  while  i 
Hertfordshire,  barley  takes  the  place  of  the 
wheat  crop. 

Boussingault  gives  the  following  amoonts  of 
gen  per  acre,  in  various  soils  collected  by  him  i 
different  parts  of  the  world,  the  calculation  beiiL 
made  for  a  depth  of  17  inches  from  the  sorfiuse: 
Argentan,  rich  pasture,  25,650  lbs. ;  Santarem, 
plantation,  32,450  lbs. ;  Bio  Cupari,  rich  peat  moolcSf 
31,250  lbs.;  Eio  Madeira,  sugar  field,  5600  Ib^ 
per  acre. 

In  the  early  days  of  our  experiments  it  waa  fhoogl^^^ 
by  some  that  the  continuous  growth  of  from  14 
16  bushels  per  acre  of  wheat  upon  nnmaaraied 
was  due  to  some  unusual  fertility  in  the  BothamtlBC^^ 
soil.  The  evidence  I  have  brought  forward,  howerar, 
so  far  from  supporting  this  view,  simply  abowa 
little  was  then  understood  as  regards  the  oapadlfcjr 
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an  ordinary  soil  for  growing  continuous  crops  without 
any  manure. 

To  sum  up  this  part  of  the  subject,  it  may  be 
said  that  upon  the  land  where  continuous  crops  were 
grown  without  any  manure,  clover,  beans,  and  roots, 
which  are  generally  considered  to  restore  the  fertility 
to  land  exhausted  by  corn-growing,  have  declined 
more  rapidly  than  the  cereal  grain  crops ;  that  a 
liberal  supply  of  mineral  manure,  while  it  has  added 
considerably  to  the  produce  of  some  of  the  crops,  has 
not  prevented  their  decline ;  that  upon  an  unmanured 
four-course  rotation,  where  all  the  produce  is  removed, 
the  two  crops  of  grain,  grown  in  the  rotation,  do  not 
give  a  larger  produce  than  the  continuous  grain  crops, 
S^wn  during  the  same  period  on  continuously  un- 
roanxired  land;  that,  in  a  rotation  where  mineral 
superphosphate  of  lime  has  been  used,  the  root  crop 
*^^  been  largely  increased,  and  more  nitrogen  has 
"^u  carried  off  in  the  produce  than  from  the  per- 
manently unmanured  rotation ;  but  though  the 
P^'odnce  of  both  is  declining,  the  evidence,  up  to  the 
P'^^sent  time,  is  not  sufficient  to  show  on  which  of 
^he  two  experiments  this  decline  is  proceeding  the 
^ost  rapidly.  Lastly,  that  the  general  character  of 
^^  analyses  of  the  soils  which  have  been  made  at 
^^^rent  times,  tends  to  confirm  the  conclusions  just 
^"^en,  and  to  show  a  decline  in  the  stock  of  nitrogen. 

^iTie  experiments  on  pasture  differ  from  those  upon 
^    durable  land  in  the  following  important  particu- 

D  2 
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lars : — The  produce  of  hay  under  a  liberal  sapffy  ^* 
mineral  manures  has  been  greatly  increased,  and  il^® 
amount  of  nitrogen  removed  has  been  veiy  lug<^  * 
but  at  the  end  of  twenty-five  years  there  is  O-^ 
evidence  of  any  decline  in  the  produce. 

It  is  true  that  the  nitrogen  in  the  surface  sdl  ^>^ 
the  pasture  land  shows  a  considerable  decline,  ba:*-"^ 

with    this  exception  there  is   nothing   absolutely 

« 

prove  that  the  atmosphere  has  not  been  tiie  source 
the  nitrogen  removed  in  the  produce. 


GREAT  BRITAIN. 

When  we  come  to  the  application  of  the  res 
given  in  tlie  foregoing  pages  to  the  general  agricultu^^^ 
of  Great  Britain,  it  is  hardly  possible  to  avoid  tl^^*^ 
conclusion  that,  in  most  cases,  profitable  agriculture^ 
involves  a  slow  but  continuous  exhaustion  of  the  soil 

In  the  earliest  stages  of  our  agriculture,  only 
more  fertile  soils  were  cultivated ;  little^  or  none  of  th^ 
produce  was  returned  to  the  land  as  manure,  and 
periods  of  rest  intervened  between  one  series  of 
crops  and  another. 

As  population  increased,  land  became  more  valu^-^^ 
able,  and  the  increasing  wealth  of  the  country  enabled  -^ 
the  people  to  consume  a  larger  amount  of  animal  food :  ^ 
the  periods  of  rest  were  shortened,  and  iUlow  crops,  ^ 
such  as  roots  and  clover,  were  introduced. 

In  the  production  of  meat,  a  very  large  proportioii      ^ 
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of  tlie  soil-constituents  of  the  food  consumed  by  the 
aaimals  would  be  returned  to  the  land,  and,  in  con- 
sequence of  this  restoration  of  fertility,  there  would  be 
less  exhaustion  of  the  soil. 

In  certain  districts  of  Great  Britain  there  are  soils 
so  light,  that  they  contain,  in  their  original  state,  but 
a  very  small  stock  of  natural  fertility,  and  the  crops 
they   grow  depend  mainly  upon   that  which   is  im- 
ported at  the  expense  of  the  cultivator.     There  are 
also  certain  heavy  soils  which  are  very  highly  farmed  ; 
bat,    with  these   exceptions,  it   may  be    said  of  the 
existing  system  of  agriculture  in  this  country  that, 
^  regards  relation  of  landlord  and  tenant,  rent  is  paid 
for  tlie  right  to  remove,  without  restoration,  a  certain 
arn  oxmt  of  the  stock  of  fertility  in  the  soil. 

TVie  various  restrictions  introduced  into  leases, 
^^"^enants,  and  customs  were  evidently  devised  for  the 
purpose  of  limiting,  as  much  as  possible,  the  removal 
^*  tliis  stock  of  fertility ;  but  from  the  complete 
^ffUoxance  which  prevailed  with  regard  to  the  ingre- 
^^^ts  of  which  it  was  made  up,  the  restrictions  were 
^^^  fined  to  such  crops  as  experience  seemed  to  show 
^'^^^^  especially  exhausting  to  the  soil. 

If^  as  I  have  endeavoured  to  prove,  the   stock  of 

^^tx'ogen  in  our  soils  is   one  of  the  main  sources  of 

^^iir  fertility,  the   question  arises — How  are  we  to 

^^plaui  the  benefits  of  the  various  operations  of  agri- 

^^I'fc'Ure,  such  as  draining,  fallows,  liming,  tillage  of  all 

^^^s,  and  the  use  of  mineral  manures,  except  by  the 
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fact  of  their  being  so  many  means  of  liberating  ai^d 
utilising  the  stock  of  nitrogen  in  the  soil  ? 

Man}'  of  these  operations  are  said  to  increase  ihe 
stock  of  fertility;  and  that  they  do  increase  th^ 
produce  of  the  land  most  be  evident  to  the  oommoaest 
observation  ;  but  it  is  at  the  expense  of  the  stock  in 
the  soil ;  and  they  would  be  more  correctly  described 
as  processes  for  turning  to  account  the  existing,  hxxf^ 
dormant  elements  of  fertility  contained  in  the  land. 

We  may  thus  in  a  certain  way  compare  the  fertiliify 
of  the  soil,  to  the  coal  in  a  mine :  neither  the  one  rk€>T 
the  other  is  of  any  value  until  it  is  tamed  to  soot^^ 
useful  purpose,  and  this  object  cannot  be  attaiiBG^ 
without  a  diminution  of  the  original  stock.  So  macby 
indeed,  is  a  reduction  of  this  stock  an  essential  to  tl^^ 
profitable  cultivation  of  many  soils^  that^  if  we  co«*>l^ 
imagine  a  heavy  clay  to  exist  which  did  not  sapp'^X 
any  of  the  ingredients  of  plant  food^  it  is  doabfc^^^ 
whether  its  arable  cultivation  could  be  profitably 
carried  out. 

The  natural  fertility  existing  in  a  soil  is 
than  imported,  or  purchased  fertility ;  and  it  would 
fact  be  found  more  profitable  to  pay  rent  for  a  ferfc^'^ 
heavy  soil,  than  to  farm  unfertile  heavy  land  x«*** 
free. 

When  a  farmer  increases  his  crops  by  meaner    ^^* 
such  purchased  manure  as  soot,  or  nitrate  of  soda^ 
estimates  the  profit  of  the  operation  by  the  inor^ 
of  the  crop  alone.     If  his  land  would  yield  a  cn>I>    ^^ 
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.t  worth  £8  without  the  purchased  manure,  and 
3e  expenditure  of  20s,  the  value  of  the  crop  was 
d  to  £10,  he  would  consider  the  operation  had 
:i  him  a  profit  of  £1,  as  all  the  ordinary  expenses 
ected  with  the  growth  of  the  crop  are  charged 
xai  the  produce  derived  from  the  natural  fertility 
le  soil. 
I  the  district  where  I  live  the  land  is  cultivated 

five-course  shift,  and  the  crops  which  are  grown, 
sold  off  the  land,  would  cost  more  to  produce  by 
means  of  purchased  artificial  manures,  than  the 

which  the  tenant,  under  the  above  system  of 
vation,  pays  for  them  in  the  rent;  or  in  other 
Is,  as  far  as  regards  the  production  of  the  crop,  the 
owner  sells  his  fertility  cheaper  than  the  manu- 
irer  of  manure  could  supply  it. 
he  employment  of  manure  of  some  sort  is  uni- 
al  in  this  country;  and  so  far  as  such  manure 
ists  of  ingredients  derived  from  crops  that  have 
I  grown  upon  the  farm,  it  retards  and  reduces 
amount  of  exhaustion.  Large  quantities  of  cattle 
A  are  also  imported  and  used  as  manure ;  but  large 
he  amount  of  imported  cattle  food  may  appear,  it 

be  found  that  its  consumption  is  confined  to  a 
paratively  limited  area,  and  that  it  has  but  little 
lence  on  the  general  fertility  of  the  country  at 
d.  As  a  proof  of  this  fact  I  may  say  that  the 
tion  of  only  1  lb.  of  nitrogen  per  acre  to  the 
00,000     acres     of    cultivated     land     in     Great 
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Britain,  would  require  an  import  of  about  500,000 
tons  of  com  and  cake,  and  the  consumption  of  the 
country  does  not  reach  this  amount.  Even  if  the 
capital  were  forthcoming  to  carry  out  generally  a 
system  of  high  farming,  a  supply  of  purchased  fer- 
tility, large  enough  to  meet  the  increased  demand, 
could  not  be  obtained  except  at  a  price  that  would 
prohibit  its  use. 

The  evidence  brought  forward,  in  regard  to  fertility 
and  exhaustion,  enables  us  to  comprehend  somewhat 
more  clearly  the  distinction  between  the  fertility 
which  is  part  and  parcel  of  the  soil,  and  that  which  is 
brought  upon  the  land  by  the  capital  or  the  tenant. 

There  is  still,  however,  before  those  who  may  be 
called  upon  to  decide  such  questions,  the  very  difficult 
task  of  ascertaining  how  much  of  any  imported  fer- 
tility still  remains  in  the  soil,  and  is  available  for 
future  crops. 

In  the  face  of  the  increasing  competition  with  the 
agriculture  of  the  world,  it  is  hopeless  to  bind  the 
tenant's  hands  or  cripple  his  energies  by  the  restrictive 
covenants  of  a  bygone  age;  and  it  would  certainly 
be  desirable,  with  the  prospects  of  compulsory  legislar 
tion  on  this  subject,  that  the  interests  of  both  the 
landowner  and  the  tenant  should  be  more  clearly 
defined. 

If,  at  the  commencement  of  occupancy,  a  brief 
agreement  could  be  drawn  up  between  landlord  and 
tenant,  to  define  the  amount  of  fertility  which   the 
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fctter  was  entitled  to  remove  in  exchange  for  his 
sxii:,  the  task  of  any  arbitrator  or  judge,  called  in  to 
eoide  between  conflicting  claims,  would  be  made 
g-hter. 

THE  UNITED  STATES. 

"VVe  are  sometimes  told  by  enthusiasts,  that  a  liberal 
►j>Tication  of  capital  to  the  soil  of  Great  Britain 
oiald  enable  us  to  grow  all  the  wheat  necessary  to 
ed  our  population ;  there  cannot  however  be  any 
>vi.bt,  that  in  the  cheap  production  of  grain  crops, 
lo  United  States  farmer  possesses  advantages  which 
aght  not  to  be  either  overlooked  or  despised. 

IFirst  of  all,  and  this  is  a  most  important  point, 
k^e  United  States  farmer  himself  is  usually  well 
Plicated  and  intelligent ;  he  is  both  owner  and  occu- 
*^r  of  the  soil,  and  does  as  much  as  possible  of  the 
*^ork  of  the  farm  himself,  employing  for  the  purpose 
^^  most  improved  labour-saving  machinery ;  he  is 
S^^tly  taxed,  has  cheap  modes  of  transit,  and,  above 
^j  is  in  possession  of  an  almost  unlimited  extent  of 
^tooched  fertility.  These  circumstances  all  combined 
^^ce  the  cost  of  growing  corn  almost  to  a  minimum, 
^d  the  result  enables  him  to  deliver  his  wheat  at  the 
^^^8  of  the  owner  of  the  land  in  some  parts  of  Great 
^tain,  cheaper  than  it  can  be  raised  in  the  adjoining 
^^ds.  In  a  word,  they  enable  him  to  regulate  the 
^^^  of  grain  throughout  the  world. 

^^tx  my   remarks   upon    the   agriculture   of    Great 
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Britain,  while  assuming  that,  with  comparatiTely  fc^ 
exceptions,  it  is  carried  on  by  a  process  of  soilreihiDt- 
tion,   I   have   pointed   out  that  this   exhaustion  i* 
greatly  lessened  by  the  production  of  meat  and  tb^ 
use  of  manure. 

I  propose  now,  for  the  sake  of  argument^  to  coorid^' 
the  agriculture  of  the  United  States  as  carried  o*** 
without  any  part  of  the  produce  being  returned  to  tk*  ^ 
land  in  the  form  of  manure,  though  I  am  perfeeA-^ 
aware  that  such  a  system  of  farming  only  prsviLS^ 
in  certain  districts  of  the  States.  How  great  in< 
is  the  interest  taken  in  all  questions  relating  to 
action  of  manures,  and  the  exhaustion  of  soils,  is  fiilL^^ 
proved  by  the  large  space  allotted  to  these  subjecC^ 
in  the  numerous  journals  devoted  to  agricoltorey 
also  in  the  records  of  the  various  expeiimeni 
stations.  I  may  add  that  this  inquiry  into  what  ma] 
be  termed  the  science  of  agricultnre  is  in  remaik--^ 
able  contrast  with  the  comparative  indifference  t(^ 
the  subject  which  prevails  in  this  country. 

It  is  not  however  the  com  grown  in  the  United 
States  by  purchased  fertility,  or  even  by  the  mannzes 
made  upon  the  farm,  that  the  British  fiinner  need 
fear,  as  likely  to  compete  with  him.  The  danger 
lies  in  the  vast  stores  of  unused  fertility,  which 
constitutes  the  main  wealth  of  the  United  States; 
and  this  fertility,  as  I  have  already  pointed  out^  is 
very  much  cheaper  than  any  derived  from  artificial 
or  imported  sources. 
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Xn  the  table  below,  drawn  up  by  me  some  years 

«gX>,  from  the   reports   of  the  Department  of  Agri- 

colture  at  Washington,  will  be  found  the  amount  of 

ittx^  in  the  United  States  under  various  crops  upon 

*a       average  of  ten  years,  viz.  between  1865  and  1875. 

So      great  has  been  the  increase  of  land  brought  into 

cultivation  since  that  date,  that  in  1880,  31,000,000 

^c^«8  of  wheat  and  maize  alone  had  been  added   to 

tl^^  existing  area. 

nrhe  table  gives  the  number  of  acres,  in  millions 
*^<3  parts  of  a  million,  of  crops  grown  in  the  United 
p^'T^tes,  on  an  average  of  the  above  period  of  ten 
y^^^js ;  the  produce  per  acre ;  and  the  number  of 
*^^*€8  per  cent,  of  the  various  crops : — 


OatB 

B*tley     .. 

potatoes  .. 
0ay 


Acres  in  mil- 

lioDB  and  parts 

of  millions. 


37.21 
20.60 
1.31 
9.75 
1.15 
0.72 
1.25 
20.35 


92.24 


Yield  in 

bushels  per 

acre. 


26 

12 

13^ 

28 

22| 

93^ 
l^ton 


Acreage  pei 
cent. 


40.4 

22.1 
1.44 

10.5 
1.25 
0.78 
1.36 

23.1 


100. 


It  would  appear,  from  this  table,  that  the  cereal 
grain  crops  were  grown  upon  rather  more  than  three- 
fourths  of  the  arable  soil  in  the  States.  Upon  an 
equal  area  in  Great  Britain,  46  per  cent,  of  the 
land  is  under  grain  crops,   and  though  we  have  no 
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statistics  of  produce  in  this  country,  I  am  disposed 
to  think  that  more  com  is  grown,  upon  an  equal 
area  per  cent,  of  arable  land,  in  the  United  States, 
than  in  great  Britain ;  that  is  to  say  that  76  acres 
devoted  to  grain  corps  in  America  produce  more 
bushels  of  grain  than  the  46  acres  so  employed  in 
our  country. 

The  superior  power  possessed  by  the  gramineous, 
as  compared  with  other  plants,  of  obtaining  food 
from  an  unmanured  soil — which  was  very  clearly 
shown  in  the  Eothamsted  experiments — is  confirmed 
by  the  character  of  the  crops  grown  in  the  United 
States,  where  not  more  than  2  per  cent,  of  the  whole 
cultivated  soil  is  occupied  by  crops  which  belong 
entirely  to  other  orders  ;  while  in  the  hay  crop,  which 
comprises  a  great  variety  of  different  species,  it  is 
probable  that  the  gramineous  herbage  largely  pre- 
dominates, timothy  being  generally  quoted  as  the  hay 
sold  in  the  various  markets. 

With  regard  to  the  amount  of  nitrogen  removed 
from  the  soil  of  the  States  every  year,  assuming  that 
no  part  of  the  produce  is  restored,  I  am  disposed  to 
think  that  it  might  amount  to  about  30  lbs.,  or 
possibly  a  Uttle  more,  per  acre  annually ;  supposing 
always  that  the  crops  grown  do  not  exceed  the 
amount  given  in  the  table.  It  is  however,  I  think, 
certain  that  soils  newly  brought  into  cultivation  would 
for  a  considerable  time  grow  very  much  larger  crops 
than  these. 
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The   idea   that  the    fertility   of  these  soils   must 
oxtly  come  to  an  end,  or  tHat  grain  crops  cannot  be 
>^uced  at  the  present  price,  is  altogether  illusive. 
The   stock   of  nitrogen  in  immense  areas  of  the 

ted  States  soils  must  be  competent  to  yield  crops, 

al  to  those  given  in  the  table,  for  a  long  time,  and 
when  they  begin  to  fall  off,  the  residue  of 
:i:i:ogen  may  still  be  sufficient  to  allow  of  a  fresh 
velopment  of  fertility  by  the  employment  of  some 
^^p  mineral  manure,  such  as  plaster  or  phosphate 

lime ;  if  this  be   so,  the  necessity  of   employing 

costly  a  substance  as  nitrogen  may  not  be  apparent 

r*  two  or  three  generations  yet  to  come. 

^fore  this  period  arrives  the  United  States  farmer 

ill  have  become  so  well  acquainted  with  the  action 

manures,  that  the  profit  or  loss  attending  their 
^plication  will  not  be  a  question  of  chance,  but 
^^  subject  only  to  the  contingency  of  favourable  or 
^favourable  seasons;  a  contingency  from  which  it 
U  he  impossible  to  escape. 


INDIA. 

It  is  hardly  possible  to  conceive  agriculture  carried 
Xinder  conditions  more  completely  different  than 
^>^€  which  exist  in  the  United  States  and  in  India. 
ESvery  new  emigrant  who  lands  upon  the  shores  of 
'  United  States  is  so  much  capital  added  to  the 
^th  of  the  country.     The  average  size  of  the  farms 
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held  by  each  person,  according  to  fhe  census  of  1870, 
is  153  acres,  of  which  one  half  is  still  unimpiOTed. 
With  this  large  area  at  his  disposal  the  United  8tste& 
farmer  yet  does  not  hesitate  to  give  up  his  holding 
and  seek  a  new  home,  if  by  so  doing  he  thinks  thai 
hi5  can  better  his  condition. 

In  India  the  Hindu  increases  and  multiplies  upon 
the  spot  on  which  he  was  bom,  and  r^^ardless  of  all 
economic  laws,  is  apparently  endeavourixig  to  solye 
a  problem  which  has  frequently  perplexed  political 
economists,  as  to  the  relative  increase  of  popolatiou 
and  food. 

This  is  what  Mr.  Hunter  says  in  his  lecture  recently 
delivered  at  Edinbui^h,  and  since  published  under 
the  title  of  'England's  Work  in  India.'  "We  find 
24,000,000  of  human  beings  struggling  to  live  off 
the  produce  of  15,000,000  acres,  or  just  over  half  an 
acre  apiece."  So  vast  is  the  area  of  India^  and  so 
limited  are  the  modes  of  communication,  that  while 
in  some  districts  there  may  be  a  superabundance  of 
food,  in  others  the  people  may  be  dying  of  starvation. 
Mr.  Hunter  says  that  ''  throughout  all  British  Indiai 
the  average  population  is  212  persons  to  the  squara 
mile ;  or  deducting  the  comparatively  new  and  oat- 
lying  provinces  of  British  Burmah  and  Assam,  it  is 
243  persons  to  the  square  mile.*' 

In  the  United  States  there  does  not  i^pear  to  be 
more  than  nine  persons  to  the  square  mile.  Tha 
process   however    of   comparing  the    populatioii    of 
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various    countries   with   the   relative   area,  although 
useful  so  far  as  regards  the  question  of  statistics,  is 
very  misleading  when  brought  forward  to  show  the 
capabilities  of  a  soil  to  support  its  population.     For 
instance,  if  we  applied  to  the  agriculture  of  Great 
Britain  the  conditions  under  which  the  agriculture  of 
India  is  necessarily  carried  on,  that  is  to  say  if  we 
estimated  how  much  of  the  products  of  the  soil — 
irrespective  of  all  external  sources  of  food  or  fertility 
— would  be  required  to  feed,  clothe,  and  furnish  with 
fuel  each  inhabitant,  we  should  require  to  make  con- 
siderable modifications  of  existing  ideas  on  the  subjects 
The  Indian  Famine  Commissioners  say  that  "  there 
are  considerable  parts  of  India  in  which  the  popula- 
tion  is   so   dense   that   it   presses   closely   upon  the 
means  of  subsistence ;   and  here,  unless  the  existing 
system  of  agriculture  is  improved  so  as  to  yield  a  larger 
produce  per  acre,  there  is  no  room  for  any  increase." 

The  last  famine  is  said  to  have  reduced  the  popula- 
tion of  India  by  5,500,000.  In  a  country  where  the 
stru^le  to  live  becomes  greater  each  year,  we  can 
readily  understand  that  the  removal  of  a  certain 
proportion  of  the  population  must  be  a  source  of 
increased  wealth  to  the  remainder;  and  the  Com- 
missioners refer  to  a  despatch  of  the  Secretary  of 
State,  dated  February  28,  1880,  in  which  it  is  said 
**  the  facts  testify  to  the  remarkable  power  of  the 
agricultural  classes  to  resist  and  recover  from  the  eflfect 
of  unfavourable  seasons." 
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No  one  can  read  the  report  of  the  Famine  Commis- 
sion without  being  convinced  that  every  effort  was 
made,  and  no  expense  spared  to  mitigate  the  effects 
of  the  famine ;  still  there  can  be  little  doubt  that 
the  population  is  in  excess  of  the  food-producing 
power  of  the  soil ;  and  that,  within  certain  limits, 
the  removal  of  a  certain  number  must  add  to  the 
well-being  of  the  remainder.  The  recovery  from  the 
effects  of  the  famine  might  however  have  been  less 
rapid  had  the  lives  of  the  5,500,000  people  been 
saved. 

The  conclusions  which  I  have  drawn  from  the 
Eothamsted  experiments,  as  regards  the  fertility  and 
exhaustion  of  soils,  do  not  tend  to  lessen  the  difficulties 
with  which  our  rulers  have  to  contend  in  providing 
for  the  increasing  population  of  India. 

In  Great  Britain,  although  a  fertile  soil  has  a 
higher  agricultural  value  than  one  of  less  fertility, 
still  the  relative  value  is  not  in  proportion  to  the 
different  amounts  of  fertility  which  the  two  soils  can 
respectively  yield  up  to  the  crops.  Fertility  drawn 
from  all  parts  of  the  world,  as  also  the  advantage 
possessed  by  light  over  heavier  lands  as  regards  the 
expense  of  cultivation  and  as  producers  of  meat,  tends 
to  lessen  the  distinction  which  would  otherwise  exist. 

In  India  no  external  sources  of  fertility  are  avail- 
able, and  meat  is  far  too  costly  a  food  for  the  consump- 
tion of  the  tillers  of  the  soil.  We  are  told  that  forests 
are   disappearing,    pasture   is  being  broken  up,  cow- 
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duxig  is  used  for  fuel,  and  that  the  area  of  waste  land, 

wlxence  was  derived  much  of  the  manure  ibgredients 

wlxich  help  to  keep  up  the  fertility  of  the  continually 

<^X'xi-cropped  land,  is  becoming  every  year  less  and  less. 

W"^  have  therefore  the  fact  before  us  that  the  Indian 

^i^iiaer  has  to  obtain  his  food,  clothing,  and  fuel,  and 

P^y  the  tax  to  the  Government,  out  of  the  soil  he 

ciil'tivates :   further,  that   the   fertility   which    grows 

his   crops  comes  from  the  soil  alone,  without  any  aid 

froxn  external  sources. 

The  tax  is  assessed  upon  the  estimated  value  of  the 
crops  which  the  land  will  yield,  and  we  might  there- 
for*e  expect  to  find  that  the  fertility  of  a  soil  was 
tlko  real  measure  of  its  value. 

This  is  what  the  Commissioners  say  on  the  subject : 
**Xii  Bombay   the   assessment   is   carried    out  by  a 
se^parate  department^  on  a  very  ingenious  and  compli- 
cated system.     The  land  is  broken  up  into  blocks  of 
from  5  to  40  acres  each,  which  are  separately  assessed. 
The  soils  are  classified  on  a  uniform  system  according 
^    their  depth,   and  their   faults,    such   as    sloping 
^'^rface,  liability  to  inundation,  or  having  a  mixture 
^^  sand,  clay,  or  gravel  in  the  soil,  all  of  which  are 
^^I'ces   of  deterioration.     The   field   which   bears   a 
^'^^^imum   value  is  a  level  one  of  black  soil,  deeper 
^an    IJ    cubits:  this   is  the  standard,  valued  at  16 
^^^as.     Every  *  fault '  and   every   quarter-cubit's   de- 
^"^^Se  in  depth  deducts  one  or  two  annas  or  sixteenths 
^^^  the  valuation." 
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A  Hindu  cubit  is,  I  believe,  25  inches;  to  be  o^ 
the   maximum   value   the  black  soil  must  therefo^^ 
descend  lower  than  3  feet  8  inches.     At  Bothamsl^^ 
our  ordinary  samples  of  soil  are  taken  at  the  dqib^ 
of  successive  9  inches,  though  in  a  few  instances 
have  taken  them  at  3  inches,  but  the  Indian 
measures   fertility  in  still  less  proportion  than 
smallest  gauge,  for  one-sizteeenth  of  3  feet  8  ind^^ 
is  very  little  more  than  2i  inches. 

In  referring  to  the  Eussian  soils  I  pointed  out 
in  one  ease,  where  the  black  soil  went  down  to 
depth  of  from  3  to  4  feet,  the  nitrogen  in  the  sal 
was  as  high  as  it  is  in  the  sur&ce  soil  of  my 
land ;  while  in  other  cases,  where  the  black  soil  dB«i^ 
not  go  down  so  low,  the  subsoil  was  not  very  diflEBiei^^ 
from  that  at  Eothamsted. 

Assuming  the   highest-valued   soil  in  Bombay 
have   the  composition    of  the  richest  black 
soil,  the  number  of  pounds  of  nitrogen  per  acre  i 
the  lower  quarter-cubits  would  amount  to  about  160 
lbs.,  while  if  the  same  area  was  taken  in  the  diatrii 
where  the   black   soil   is  not   so  deep,  or  apo» 
Eothamsted  soil,  the  amount  of  nitrogen  would 
very  much  less. 

With  an  absolute  ignorance  of  all  science,  and 
by  the   experience   derived  from  the  growth  of 
crops,  we  have  here  an  estimate  of  value  placed 
every  2^  inches  of  soil  to  the  depth  of  neadj  4 
from  the  surface.     Those  who  are  disposed  to 
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the    idea  of  estimating  the  fertility  of  a  soil  bjr  its 

stock  of  nitrogen  will  see  how  the  value  of  such  an 

estimate  is  confirmed  by  these  results.     It  is  true  we 

have  no  analyses  of  these  black  Indian  soils,  but  in 

the  black  Bussian  soils  we  have  evidence,  not  only  of 

their  fertility,   but  also    of  the   enormous    stock    of 

nitrogen  which  they  contain,  as  also  ot  the  fact  that 

the  richness  of  nitrogen  is  limited  to  the  depth  of  the 

blact  soil.     The  Bombay  soil    is  celebrated    for   its 

fertility;  who  can  doubt  therefore  that  it  has  been, 

*^d.  probably  still  is,  very  rich  in  nitrogen  ? 

AVith  regard  to  the  amount  of  exhaustion  which  is 

8*^irig  on  upon  these  Indian  soils,  it  is  by  no  means 

easy  to  form  an  estimate.     According  to  Mr.  Hunter, 

^^heat  land  in  the  North- Western  Provinces,  which 

now  gives  only  840  lbs.  an  acre,  yielded  1140  lbs.  in 

^'^^    time  of  Akbar,  and  would  be  made  to  produce 

1 8O0  lbs.  in  East  Norfolk.'*    **  Every  one  knows  "  (he 

also  says)  **  that  strictly  scientific  farming  trebles  the 

Produce;    that  a  field  which    produces    730  lbs.   of 

^h^at  without  manure  can  be  made  to  yield  2342  lbs. 

"y  iKianare ;"  he  further  quotes  the  late  Secretary  to 

^^   Government  of  India  in  its  department  of  Agricul- 

^^^^  as  declaring  '*  that  with  proper  manuring  and 

Proper  tillage,  every  acre,  broadly  speaking,  of  land  in 

^^    country  can  be  made  to  yield  30,  50,  or  70  per 

^^t.  more  of  every  kind  of  crop  than  it  at  present 

^^"^^^uces ;  and  with  a  fully  corresponding  increase  of 

^^   profits  of  cultivation." 

E    2 
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I  liave  read  Mr.  Hunter's  lecture  with  mucV^ 
pleasure,  but  trust  he  will  forgive  me  for  saying  that 
had  he  Ijeen  a  little  better  acquainted  with  agrical- 
ture,  lie  would  not  have  made  the  comparison  betweex:^ 
the  cultivation  of  the  land  as  carried  on  in  India,  aa^i 
in  East  Norfolk.  The  possibility  of  growing  whea.* 
crops  with  profit  on  the  sandy  soil  of  East  Norfolk  i  ^ 
due  to  the  fiict  that  a  large  amount  of  stock  is  kept  i 
that  district  for  which  the  farmer  finds  a  ready 
at  a  high  price,  and  to  the  facilities  for  procurin 
external  sources  of  fertility,  in  the  form  of  purchase  ^^ 
cattle  food  and  manure.  Deprived  of  these  advai^^" 
tages  the  Norfolk  farmer  would  be  more  helples-  -  ■ 
than  the  Hindu. 

Mr.  Hunter  feels  some  hesitation  in  adopting  th*^ 
statement  of  the  late  Secretary  to  the  Q-ovemmen' 
department  of  Agriculture,  which  I  have  quoted  above  '^^ 
but  believes  that  '*  without  attempting  any  flights  i 
scientific  i'arming  it  is   possible  to  steadily 
the  Indian  food  supply  to  the  extent  of  I^  per  cent 
per   annum  ; "     and   he  specifies    four  out  of  man; 
considerations     by    which  the  produce  of    the    soi 
may    be   increased.      One    of  the   impediments,    hi 
says,  *'  to  improved  husbandry  is  the  want  of 
If  there   were    more    stock    there   would    be    mo: 
manure/' 

Although  stock  necessarily  produces  manure,  it 
no  means  follows,  under  the  peculiar  condition 
Indiini  a<j^riculture,  that  an   increase  of  stock  wi 


increase  the  supply  of  human  food.     If  in  addition  to 

iis  corn-bearing  land,  the  Hindu  had  a  considerable 

tract  of  waste  land,  where  the  animals  could  pick  up  a 

means  of  subsistence  in  the  day,  which  would  enable 

them  to   furnish   milk   and  manure,   the   advantage 

'^ould  be  obvious  ;  but  in  those  districts  where  dung 

^  Used  as  fuel,  where  one  person  has  to  get  his  living 

from  an  acre  of  land — which  area  includes  swamps 

and  vraste- — and  in  other  districts  where  half  an  acre 

has    to  support  an   individual,  it  would  probably  be 

^^^cessary  to  devote  every  inch  of  ground  to  the  pro- 

^^ction  of  food  for  the  family,  and  the  consumption 

^y  stock  of  any  part  of  the  very  limited  supply  might 

J^st  make  the  diflference  between  bare  existence  and 

starvation. 

^rom  a  table  given  in  the  report  of  the   Famine 

^^^ncxmission  it  would  appear  probable  that  there  is 

^ooxxt  nine-tenths  of  an  acre  in  food  crops  to  each 

^^acl    of  the  population,  the  other    tenth  being   in 

^«at  are  described  as  non-food  crops,  such  as  indigo, 

^^^trt^n^  hemp,    tobacco,  &c.     The  land  yields  about 

^  bushels  of  com  per  acre,  principally  millet  or  rice, 

*>\ishels  of  which  are  consumed,  three-quarters  of  a 

^^liel  is  used  as  seed,  a  rather  less  quantity  as  cattle 

^^^^,  31  lbs.  are  allowed  for  waste,  and  rather  more 

^^Xi   1  bushel   is   sold.     The  value  of  the   produce 

is  less  than  £2  per  acre,  upon  which  about  2s. 

acre  is  paid  as  a  tax  to  the  Government. 

^With  regard  to  the  exhaustion  of  the  Indian  soils, 
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there  can  be  little  doubt  that  some  decline  in  fertility 
is  taking  place  ;  also  that,  as  population  increases  and 
more  of  tlie  waste  land  is  broken  up  and  converted 
into  tillage,  this  exhaustion  will  go  ou  in  an  increas- 
ing ratio ;  and  however  valuable  irrigation  may  be  as 
a  means  of  bringing  into  action  the  resources  of  the 
soil,  it  must  not  be  forgotten  that  unless  the  water 
contains  the  elements  of  fertility,  either  dissolved  or 
suspended,  it  tends  to  diminish  rather  than  increase 
the  fertility  contained  in  the  soil. 

It  is  true,  no  doubt,  that  where  1000  lbs.  of  grain 
are  produced  on  an  acre  of  land,  and  the  bulk  of  this 
amount  is  consumed  by  the  cultivator,  the  manure 
from  both   the  corn  and  straw  would   for  the  most 
part  find  its  way  back  to  the  land  ;  and  even  assuming 
that  no  external  manures   were  derived  from  wast'* 
lands,  this  would  so  far  reduce  the  exhaustion  as  fc^^ 
make  the  decline  of  the  crop  upon  moderately  fertiPi* 
soils  hardly  perceptible,  unless  when  taken  over  ver^^ 
lengthened    periods   of  time.     Still   there   must  b-^ 
exhaustion  of  the  nitrogen  of  the  soil,  more  especially 
in  cases  where  we  know  that  not  only  is  the   dunp! 
used  as  fuel,  but  also  that  saltpetre  is  manufacturec^ 
from  the  drainage  coming  from  the  houses. 

It  would  appear  that  the  Indian  cultivator  ha> 
learnt  how  to  extract  the  greatest  possible  amount  oC 
produce  out  of  his  soil,  and  neither  the  Norfo]'-J 
farmer  nor  the  scientific  agriculturist — if  restricted 
to  such  means  as  alone  are  available — could  aid  hi  -^ 


Jbertility.  66 

to  produce  better  results.  If  however  the  Hindu 
could  be  taught  that,  while  the  demands  upon  the 
soil  are  increasing  year  by  year,  the  produce  of  the 
soil,  if  not  decreasing,  is  certainly  not  increasing,  he 
will  have  learnt  one  important  lesson  which  materially 
affects  his  welfare. 

IRELAND. 

When  Ireland  suffers  from  a  deficiency  of  food,  or 
from  famine,  the  causes  may  be  traced  to  the  action 
of  the  climate,  much  in  the  same  way  as  a  similar 
cause  produces  a  like  effect  in  India.  In  each 
country  the  peculiar  characteristics  of  the  climate  are 
occasionally  intensified;  excessive  heat  and  drought 
produce  famine  in  India ;  while  too  much  moisture, 
^mbined  with  an  absence  of  sunlight,  produces 
scarcity  and  famine  in  Ireland. 

In  Great  Britain,  the  United  States,  and  in  India, 
lie  cereal  grains  constitute  the  staple  food  of  the 
copulation;  while  in  Ireland  potatoes  are  the  main 
irticle  of  food. 

Although  the  potato  possesses  in  common  with 
-he  cereal  grain  crops  the  property  of  producing  large 
quantities  of  starch,  it  differs  from  them  in  several 
Important  points ;  it  belongs  to  a  different  botanical 
order  of  plants,  the  starch  is  mainly  stored  up  in  its 
ftubers  instead  of  in  the  seed,  and  its  growth  extends 
all  through  the  summer  into  the  autumn,  long  after 
"•he  ordinary  cereal  crops  are  harvested.  The  potato  is 
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thus  enabled  to  take  up  food  from  the  soil  at  a  period     l*^ 
of  the  year  when  some  of  the  more  importaat  manim     |  ^ 
ingredients  are  produced  in  the  greatest  abundanee. 
The  only  cereal  crop  at  all  to  be  compared  with  it  ii 
maize,  which   likewise  eictends  its  growth  into  the 
autumn,  and  this  probably  is  one  of  the  reasons  whj 
the  yield  of  maize  in  the  United  States  is  so  mncS^ 
higher  than  the  yield  of  the  other  cereal  crops. 

Tlie  potato  further  possesses  the  property  of  a>»" 
verting  a  very  much  lai^er  portion  of  the  maau:** 
ingredients  of  the  soil  into  human  food,  than  any  ^>^ 
the  cereal  grain  crops :   for  instance,  to  ereiy  bosb-^' 
of  wheat  about  100  lbs.  of  straw  are  grown,  while 
haulm  of  the  potato  when  dry  is  so  light,  that  in 
experiments   we   frequently  do  not  think  it  wor' 
while  to  weigh  it.     These  properties,  when  oombin^?^ 
with  a  suitable  climate,  enable  the  cultivator  to  pro* 
duce,  upon  a  given  area  of  ground,  a  larger  amount  of 
human  food  from  the  potato  than  from  any  of  tli^ 
cereal  grain  crops. 

In  connection  with  these  advantages,  the  potato,  on 
the  other  hand,  possesses  the  terrible  disadvantage  ^ 
being  subject  to  disease  to  an  extent  unknown  ^ 
regards  the  cereals. 

Since  1848  statistics  have  been  collected  in  Ireltf^' 
which  frirnish  us  not  only  with  the  acreage  nnfl^ 
the  various  crops,  but  also  vnth  the  averagie  yield  f^ 
each. 

It  will  be  interesting  to  examine  these  statiftioi  ^^ 
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5  purpose  of  ascertaining  whether  they  show  any 
Ference  in  the  yield  which  might  be  attributed  to 
iecline  in  the  fertiUty  of  the  soil.  The  statistics 
5  only  available  from  1849,  which  would  include  a 
riod  of  thirty-two  years ;  as  however  the  figures 
•  1880  are  not  yet  published,  and  the  favourable 
»ps  of  that  year  would  have  tended  to  neutralise 
J  bad  crops  of  1879,  I  have  thought  it  fairer  to 
lude  1879  from  the  table  and  take  the  two  periods 
ifteen  years,  commencing  with  1849  and  ending 
8.  The  crops  I  have  selected  for  examination  are 
I,  potatoes,  and  flax ;  the  results  will  be  found  in 
following  table : 

LB, — Showing  the  acreage,  and  average  produce  per  acre,  of 
t9,  potaioesy  and  flaXy  on  the  average  of  two  periods  of  fifteen 


Oats. 

Potatoes. 

Flax. 

Acreage. 

Average 
yield. 

Acreage. 

Average 
yield. 

Acreage. 

Average 
yield. 

r^ :  \ 

2,058,544 
1,605,867 

cwt. 

12.^6 
12.74 

1,011,214 
974,372 

tons. 

4.15 
3.32 

128,309 
178,981 

stone, 
14  lbs. 

33.01 
25.87 

ant  re- 

on  dnr- 

aecond 

22 

1.5 

3.6 

20 

+39.5 

21.6 

ti  oats  there  has  been  a  steady  and  continuous 
iine  in  the  acreage  grown  in  each  period  of  five 
ts  from  the  commencement,  while  the  average 
d  of  the  last  fifteen  years  is  only  1  \  per  cent,  less 
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than  that  of  the  first  period.    Tn  potatoeci^  the  aoeago 
grown  is  only  slightly  lower  in  the  Becond  period; 
there  is;  however,  a  very  serious  decline  in  the  yiel^ 
of  the  crop,  amounting  to  20  per  cent.,  in  the  li^ 
fifteen  years.     In  flax  the  acmige  haa  been  subject 
to  some  remarkable  changes.     Commencing  in  1845^ 
with   60,314  acres,   it  increased,   with   some  digl*^"^ 
interruptions,  until  it  arrived  at  over  300,000 
in  IS 64,  but  from  that  period  it  has  steadily  declined 
still,  the  latter  half  of  the  thirty  years  shows 
increase  of  acreage  of  39|   per  cent,  over  the 
half.     The  decline  in  the  yield  of  flax  in  the  second 
period  is  very  similar  to  the  decline  in  the  potatoes 
amounting  to  2 1  g^  per  cent. 

In  two  out  of  the  three  crops,  we  have  a  dedine  i= 
the  acreage  during  the  latter  period,  while  in  all  thre^ 
there  is  also  a  decline  in  the  yield  per  acre;  tfa^ 
decline  is  very  slight  in  the  oats,  but  very  consider 
able  in  the  potatoes  and  flax.  So  far  as  the  decline 
is  due  to  exhaustion  of  the  soil,  we  should  expect  t — 
see  it  more  marked  in  the  potato  and  flax  crops  tha^ 
in  the  oats,  for,  as  I  have  already  pointed  out.  tiL^ 
cereals,  as  compared  with  other  crops,  have  a 
capacity  for  extracting  food  from  an  impoverished 
The  decline  in  the  yield  of  the  potato  is  accompanies^ 
with  a  decline  in  the  area  under  cultivation ;  it  cannot 
therefore  be  said  that,  owing  to  the  increase  in  p<fN^ 
lution,  or  some  other  causes,  the  cultivator  has 
compelled  to  extend  his  operations  to  soils*  having 
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lower  degree  of  fertility ;  the  decline  can  only  be 
ascribed  to  one  of  two  causes,  viz.:  unfavourable 
seasons,  or  exhaustion  of  the  soil. 

The  influence  of  weather  upon  the  produce  of  the 
soil  is  one  of  the  most  complicated  problems  with 
which  we  have  to  deal :  with  regard  to  the  seasons, 
each  as  compared  with  another  has  its  own  particular 
character,  which  is  more  or  less  favourable  to  the 
diiferent  crops  that  are  grown. 

In  England,  the  year  1880  was  very  unfavourable  to 
the  wheat  crop,  while  highly  favourable  both  for 
barley  and  roots.  If  we  were  dealing  with  the  wheat 
crop  alone,  so  far  as  England  is  concerned,  there  would 
be  very  little  doubt  that  a  larger  number  of  unfavour- 
able seasons  have  occurred  during  the  last  period  of 
fifteen  years ;  but  in  Ireland,  as  regards  the  wheat 
crop,  though  there  is  a  decline  in  the  latter  period, 
still,  as  it  altogether  does  not  amount  to  5  per  cent, 
the  seasons  can  hardly  be  considered  to  have  been 
specially  unfavourable  even  to  the  growth  of  wheat, 
and  the  statistics  for  Ireland  show  no  decline  in  the 
hay  crop,  and  but  a  very  small  decline  in  the  oat  or 
barley  crops,  during  the  last  period  as  compared  with 
the  first. 

The  large  decline  in  flax  and  potatoes  is  exactly 
what  we  should  expect  to  find  if  these  two  crops  had 
been  grown  upon  unmanured,  or  badly  manured  soils. 
"While  however  a  decline  in  the  yield  of  potatoes  might 
be  looked  for  upon  an   impoverished  soil,  it  by  no 
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means  follows  that  the  produce  would  be  more  liable 
to  disease.  On  the  contrary,  our  experiments  show 
that  it  is  the  highly  manured  potatoes  which 
suffer  the  most  from  disease,  and  I  think  that  the 
evidence  given  before  the  Potato  Committee,  by  those 
engaged  in  the  growth  of  this  crop  on  a  large  scale, 
points  to  a  similar  conclusion. 

While  allowing  therefore  for  a  difference  in  seasons 
between  tlie  two  periods,  and  that  such  difference  is 
in  favour  of  the  former  period,  I  am  still  disposed  to 
think  that  the  statistics  indicate  a  certain  decline  of 
i'ertility  in  the  soils  of  Ireland ;  and  looking  at  the 
general  character  of  the  Irish  soils,  as  well  as  the 
nature  of  the  crops  grown,  this  exhaustion  might  very 
probably  be  due  to  the  removal  from  the  soil  of 
minerals,  rather  than  of  nitrogen. 


CONCLUSION. 

I  will  now  proceed  to  sum  up,  and  in  some  degree 
strengthen  the  evidence  I  have  brought  forward  in 
the  preceding  pages  in  support  of  the  views  I  have 
advanced  with  regard  to  the  fertility  and  exhaustion 
of  soils. 

The  Rothamsted  experiments,  at  the  present  stage 
of  their  progress,  indicate  much  more  clearly  than 
has  hitherto  been  done^  the  line  between  the  influence 
of  the  soil,  and  that  of  the  atmosphere,  in  contribut- 
ing the  materials  of  which  our  crops  are  composed. 
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While  I  do  not  deny  that  plants  may  take  up  some 
carbon  from  the  soil,  and  that  they,  or  the  soils  in 
which  they  grow,  obtain  some  combined  nitrogen 
from  atmospheric  sources,  still  the  results  of  the 
Kothamsted  experiments  relating  to  the  chemical 
statistics  of  agricultural  production,  clearly  show 
that  the  atmosphere  is  the  main,  if  not  the  exclusive 
source  of  the  carbon  of  our  crops,  and  that  the  soil 
is  the  main,  if  not  the  exclusive  source  of  their 
nitrogen. 

With  regard  to  the  nitrogen,  I  would  ask  the  fol- 
lowing questions : — Is  it  possible  by  means  of  any 
crops,  of  any  mechanical  operations,  or  of  any  manures 
not  containing  nitrogen,  to  carry  off  more  of  the  sub- 
stance in  the  crops  than  is  contained  in  the  soil  ?  And 
further,  as  the  application  of  nitrogen  by  means  of 
cattle-foods  or  manures  is  always  attended  by  some 
loss — Can  as  much  be  recovered  in  the  crops,  as  the 
sum  of  the  amount  brought  on,  and  of  that  already 
existing  in  the  soil  ? 

The  views  of  M.  Georges  Ville  upon  the  subject  of 
the  sources  of  the  nitrogen  of  our  crops,  as  given  in 
his  book  on  **  Artificial  Manures,"  translated  by  Mr. 
Crookes,  may  be  summed  up  as  follows : — That  crops 
always  yield  more  nitrogen  than  is  supplied  in  the 
manure ;  and  that  this  excess  is  derived,  not  from  the 
soil,  but  from  the  atmosphere.  He  points  out,  how 
small  is  the  amount  of  combined  nitrogen  existing  in 
the  air  as  ammonia  and  nitric  acid ;  that  crops  cannot 
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get  more  than  about  5  J  lbs.  of  combined  nitrogen  per 
acre  annually  by  rain;  and  that  hence  the  source 
must  be  the  free  nitrogen  of  the  air.  He  concludes — 
that  leguminous  plants,  such  as  peas,  beans,  clover, 
trefoil,  and  lucerne,  take  practically  the  whole  of  their 
nitrogen  from  the  air ; — that  others,  such  as  beetroot 
and  colza,  require  a  certain  amount  to  be  supplied  by 
manure,  in  order  to  establish  active  growth,  but  that 
after  this  they  draw  their  supplies  from  the  atmo- 
sphere ;  lastly,  that  others,  such  as  the  cereals,  require 
the  chief  of  their  supply  to  be  provided  within  the 
soil. 

It  will  be  observed  that  the  facts  I  have  adduced, 
and  the  conclusions  I  have  drawn  &om  them,  are 
quite  inconsistent  with  those  put  forward  by  M. 
Ville ;  and  more  especially  those  relating  to  the 
sources  of  the  nitrogen  of  the  leguminous  and  root 
crops. 

I  maintain  that  the  amount  of  nitrogen  supplied  to 
our  crops  from  the  atmosphere, — whether  as  com- 
bined nitrogen  brought  down  by  rain,  or  that  absorbed 
by  the  soil,  or  the  plant, — constitutes  but  a  very 
small  proportion  of  the  total  amount  they  assimilate ; 
and  that  the  soil  itself  (or  manure)  is  practically  the 
main  source  of  their  supply.  Indeed,  it  is  a  question 
whether,  on  arable  land,  as  much  or  more  may  not  be 
lost  by  drainage,  or  otherwise,  than  is  supplied  by  the 
atmosphere. 

It  is  not  in  the   difference  of  their  capacity   for 
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taking  up  nitrogen  from  the  atmosphere  that  we  must 
look  for  an  explanation  of  the  distinctive  influence,  or 
function,  so  to  speak,  of  the  crops  grown  in  a  rotation. 
The  explanation  is  rather  to  be  found  in  the  differ- 
ence in  the  character  and  length  of  life  of  the  different 
plants;  in  the  character  of  the  roots  in  regard  to 
number,  range,  size,  &c.,  and  to  their  aptitude  to 
derive  more  of  their  food  and  moisture  from  the 
surface,  or  from  the  subsoil;  finally  in  the  greater 
capacity  of  some  for  liberating  and  assimilating  food 
not  available  to  others,  or  for  arresting  food  which 
would  otherwise  be  washed  out  of  the  soil. 

It  will  perhaps  be  said,  that  in  maintaining  the 
soil  to  be  practically  the  source  of  the  nitrogen  in  our 
crops — the  leguminosae  and  root  crops  as  well  as  the 
cereals — we  do  away  witli  the  chief  value  derived 
from  a  rotation,  viz.  that  of  restoring  fertility  to  the 
soil. 

I  admit  that  as  a  leguminous  carries  off  much 
more  nitrogen  than  a  cereal  crop,  it  is  impossible  to 
escape  from  the  conclusion  that  tlie  soil  will  be  poorer 
in  nitrogen  after  the  removal  of  a  leguminous  than 
of  a  cereal  crop.  It  is  also  a  well-established  fact, 
that  a  larger  crop  of  wheat  will  be  obtained  after 
clover,  which  has  removed  a  great  deal  of  nitrogen, 
than  after  wheat,  which  has  removed  much  less. 

But  the  farmer  has  found  by  experience,  and  we 
have  proved  by  direct  experiment,  that  the  roots,  and 
other  nitrogenous    residue    of  a  clover  crop,  may  be 
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sufficient  to  supply  all  the  nitrogen  required  by  the 
succeedinj^  corn  crop.  Indeed,  it  would  appear  firom 
analyses  that  the  surface  soil  of  ordinary  arable  land 
may  gain  much  more  nitrogen  by  the  growth  of  a 
clover  crop  than  is  required  by  the  succeeding  cereal 
crop.  It  may  also  be  here  observed,  that  the  increase 
of  1  qr.  of  wheat  and  its  straw,  by  the  intervention  of 
a  clover  crop,  only  represents  an  increased  yield  of 
nitros:en  of  some  12  to  14  lbs. 

In  the  case  of  soils  poor  in  accumulated  or  available 
nitrogen,  the  growth,  and  the  after  effect,  of  a  clover 
or  other  leguminous  crop,  is  less  than  in  soils  richer  in 
available  nitrogen. 

In  illustration  of  this  fact,  I  may  mention  that  in 
1850  we  took  a  crop  of  red  clover  from  our  continu- 
ously unmanured  rotation  experiment,  and  after  an 
interval  of  twenty-four  years,  when  we  repeated  the 
crop,  the  produce  only  amounted  to  about  1^  ton  of 
hay,  while  the  immediately  succeeding  wheat  crop  was 
even  less  than  that  obtained  on  a  corresponding  plot 
which  had  been  under  bare  fallow  instead  of  clover. 
In  fiict,  taking  the  total  six  crops  since  the  removal  of 
the  clover  in  1874  (wheat,  swedes,  barley,  beans, 
wheat,  and  swedes),  the  total  amount  of  nitrogen 
removed  from  the  unmanured  clover  plot,  and  from 
the  unmanured  fallow  plot,  was  almost  identical. 

On  the  other  hand,  when  a  mixed  manure,  contain- 
ing a  liberal  supply  of  nitrogen,  had  been  appli«^> 
onco  evorv  four  years  since  the  commencement  of  the 
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periment,  not  only  was  the  amount  of  clover  hay, 
also  the  amount  of  nitrogen  removed  in  it,  nearly 
ree  times  as  much  as  that  on  the  unmanured  plots, 
tthe  crops  succeeding  the  removal  of  the  heavy 
^ver  crops  have  been  heavier,  and  have  contained 
>re  nitrogen,  than  those  from  the  similarly  manured 
>t  which  was  left  fallow  instead  of  being  sown  with 
►ver. 

Whatever  may  be  the  explanation  of  the  well- 
iablished  fact  that,  in  ordinary  agriculture,  a  wheat 
>p  succeeding  clover  finds  a  more  liberal  supply  of 
3*ogen  in  the  soil  available  for  its  use,  than  where 
succeeds  another  com  crop,  the  fact  itself  cannot, 
due  consideration  of  the  various  illustrations  which 
ve  been  given,  be  taken  as  any  argument  in  favour 
the  assumption  that  the  nitrogen  of  the  clover  crop 
IS  derived  from  the  atmosphere. 
The  farmer  only  sees  that  there  is  an  immediate 
neficial  effect  produced  on  his  wheat  crop  by  the 
evious  growth  of  clover;  while  science  has  estab- 
hed,  that  this  is  connected  with  an  increased  avail- 
le  supply  of  nitrogen  in  the  soil  for  the  wheat 
3p.  But  in  these  facts  themselves,  there  is  no 
idence  whatever  whether  the  nitrogen  of  the  clover 
>p  was  derived  from  the  atmosphere  or  from  the 
I. 

N'or  can  the  United  States  farmer,  who  by  the  use 
?3rpsum  so  largely  increases  his  clover,  as  also  the 
^at  crop  which  succeeds  it,  tell  (any  more  than  the 

p 
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English   farmer)   from  these  facts,    whether  he  has  ^f 
increased,  or  reduced,  by  from   100  lbs.  to  200  Ibs-^ 
the  stock  of  many  thoiisajids  of  poands  of  nitrogei 
which  an  acre  of  his  soil  contains  within  the 
of  the  roots  of  the  crops. 

If  we  consider  the  well-established  chaiacteristi^^^ 
of  the  various  leguminous  crops  grown  in  rotatior"^ 
and  the  circumstances  of  their  growth,  it  will  be 
that  their  powers  of  taking  up  nitrc^n,  and  of 
tributing  to  the  increased  growth  of  suoceeding  crop^Mi 
are  much  in  proportion  to  the  length  of  their  Hfe^* 
and  the  range  of  their  roots.  Thus,  ereryone  wLIjI 
admit  that  lucerne,  sainfoin,  and  red  dover,  will  ffO' 
larger  crops  without  manure,  and  will  leave  a 
residue  for  the  growth  of  succeeding  cropSi  ihm^ 
either  white  clover  or  tares. 

Again,  if  we  follow  the  course  of  a  harley  and  of  * 
red  clover  crop,  both  sown  nearly  at  the  same  tim^ 
it  will  be  seen  that  when  the  barley  has  ripened  h 
seed,  the  active  growth  of  the  dover  has 
commenced,  and  the  plant  has  still  the  latter  part  c^^ 
the  summer,  the  whole  of  the  autamn,  and  to  tl»^ 
autumn  of  the  succeeding  year,  to  collect  its  feo^^ 
A  man  would  consider  himself  very  nnfiiirly  hiiA*^ 
capped  if  he  were  required  to  do  as  much  work  ^"^ 
four  months,  as  another  was  allowed  eighteen  moD^^ 
in  which  to  perform  it.  After  the  conflation  of  ^^ 
life  of  the  barley,  the  formation  of  tiitrio  acid  ^^ 
the    soil   is  doubtless  still  active.      In  •^Mst^  dir^^ 
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scperiments  show  that  the  autumn  drainage  removes 
a  ore   nitrates   than    that   of    other   periods   of    the 


It  is  doubtless  one  of  the  economic  functions  of  the 
ver  plant  to  arrest  and  store  up  the  nitrogen  of 
kxe  nitric  acid  in  the  soil,  which  would  otherwise 
^  drained  away  during  the  autumn  and  winter. 
Vhether  or  not  the  legiiminosae  may  further  take  up 
.rxy  of  their  nitrogen  directly  from  the  nitrogenous 
)iTganic  matter  within  the  soil,  there  is  no  direct 
s'vidence  to  show,  though  there  are  some  facts  which 
niight  be  held  to  lend  probability  to  the  assumption. 

When  we  see  that  the  appearance  of  a  fungus  even 

on  very  poor  grass  land,  is  always  accompanied  by 

a-  rich  growth  of  grass,  Tve  conclude  that  it  has  the 

property  of  liberating  and  utilising  nitrogenous  com- 

P^ttnds  in  the  soil  which  the  grasses  were  unable  of 

ttetnselves  to  turn  to  account.     It  is  at  any  rate  not 

''^possible  that  the  leguminoss?  may  likewise  derive  at 

^^^t  a  portion  of  their  nitrogen  from  nitrogenous 

nic  compounds  within  the  soil ;  but  their  possession 

een  leaves  may  be  taken  as  evidence  that  they 

e  the  chief  of  their  carbon  from  other  sources 

the  organic  carbon  of  the  soil. 

^1i  is  true  that  there  are  some  known  circumstances 

^     cjonnection  with  the  growth  of  the  leguminosae 

^i«h  are  not  inconsistent  with  the  idea  that  they 

^^ive  their  nitrogen  from  the  atmosphere ;    and,  if 

"^t  viev^   could  be  established  as  a  fact,  these  cir- 
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cunistances  would  certainly  receive  a  convenient 
explanation.  Among  them  may  be  mentioned— 
the  general  indifference  of  such  plants  to  a  direct 
supply  of  nitrogen  by  manure ;  the  benefit  which 
they  sometimes  derive  from  the  application  of 
purely  mineral  manures ;  the  increased  amount  oC 
nitrogen  in  the  surface  soil  after  their  growth ;  and 
the  increased  growth  which  they  thus  give  to  suc- 
ceeding cereal  crops. 

But,  on  the  other  hand,  the  view  in  question  ea— 
tirely  fails  to  explain — why  those  leguminous  crops 
which   take    up  the  most   nitrogen  can  be   less  fr^— 
quontly   grown   on    the   same    soil ;    why    we   hare 
entirely  i'ailed  to  grow  clover  successively  on  ordinary 
arable  land,  which   was  nevertheless  in  condition  to 
yield  lUirly  good  corn  crops  ;  why  the  only  conditiox^ 
under  which  we  have  been  able  to  grow  clover  coix' 
tinuously,  wius  where  the  soil  was  very  much  rich^^ 
in  nitrogen,  as  well  as  in   other  constituents,  th*^ 
the  arable  land ;   and  lastly,  why  the  growth  und^^ 
such  circumstances  has  been  accompanied  by  a  rap^ 
diminution  in  the  amount  of  nitrogen  in  the  soil. 

It  is  quite  true,  that  we  have  not  been  able  cleat"-*'3 
to  establish  by  analysis  that  the  subsoil  of  ordin*^-" 
arable  land,  which  has  grown  clover,  is  poorer 
nitrogen  than  that  of  land  which  has  been  cO 
tinuously  under  corn.  When  however  we  cond 
— that  an  acre  of  the  Rothamsted  arable  soil  tak 
to  a  depth  of  about  4  feet  C  inches  contains  abc^ 
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>,000  lbs.  of  nitrogen ;  that  diflTerent  samples  of 
bsoil  from  the  same  plot  will  vary  somewhat  from 
ic  another  in  their  percentage  of  nitrogen ;  that  only 
>in  100  to  200  grains  are  submitted  to  analysis ; 
d  above  all,  that  we  can  only  repeat  the  growth  of 
ese  deep-rooted  crops  at  intervals  of  from  eight  to 
''^Ive  years,  it  will  be  obvious,  that  to  obtain  abso- 
tely  certain  experimental  evidence  on  the  point  is,  to 
y  the  least,  extremely  difficult. 

It  is,  indeed,  fortunate  for  agriculture,  and  also 
ne  consolation  for  the  difficulties  thus  introduced 
to  investigation,  that  the  stock  of  nitrogen,  even  in 

comparatively    poor    subsoil,   is   large   enough   to 
uder  the  measurement  of  the  losses  to  which  it  may 
'  subject,  only  possible   when  the  experiments  are 
fried  on  over  a  very  long  series  of  years. 
If  the  evidence  of  the  Eothatnsted  experiments  up 

the  present  time  has  not  established,  beyond  all 
''il,  that  practicaUy  the  source  of  the  whole  of  the 
•Imogen  in  our  crops  is  the  store  within  the  soil 
slf,  and  the  nitrogenous  manures  brought  upon 
there  can  be  little  doubt  that  in  the  course  of  their 
Ore  progress  they  will  afford  conclusive  evidence  on 
-3  point. 

-At  Bothamsted  there  are  about  twelve  acres  of  land, 
^tributed  in  six  different  fields,  and  under  more  than 

Many  different  crops,  which  have  either  been  kept 
tirely  without  manure,  or  have  only  received  purely 
^neral  manures,  for  periods  of  from  twenty-five  to 
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forty  years.  As  these  areas  are  exposed  to  the  same 
atmospheric  influences  as  other  fields,  and  as  the  crops 
growing  on  them  are,  with  the  one  ezception  that  they 
receive  no  nitrogen  by  manure,  subject  to  the  same 
influences  as  similar  crops  in  neighbouring  fields, 
we  may  look  with  confidence  to  the  results  which 
they  will  yield  in  the  course  of  time. 

If  we  cannot  hope  to  live  long  enough  to  reap  the 
harvest,  ours  at  least  has  been  the  satisfaction  of 
having  sown  the  seed,  and  watched  over  the  progress 
of  the  crop  which  will  ultimately  yield  it. 
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Introduction. 

is  proposed  to  collect  together  in  the  present  paper  the 
ults  of  all  the  investigations  relating  to  the  Rain  and 
"ainage-waters  of  Rothamsted.  A  part  of  these  investigations 
B  been  already  published — as  the  determinations  of  Ammonia 

Rain,  communicated  to  the  British  Association  in  1854 ; 
K  determinations  of  Ammonia  and  Nitric  Acid  in  Rain  bj 
of.  Way,  published  in  the  *  Journal  of  the  Royal  Agricultural 
»ciety '  in  1857 ;  the  numerous  analyses  of  the  Rain  and 
rainage-waters  by  Dr.  Frankland,  published  in  the  Sixth 
eport  of  the  Rivers'  Pollution  Commission,  1874 ;  and  the 
alyses  of  the  Drainage- waters  published  by  Dr.  Voelcker  in 
e  *  Journal  of  the  Royal  Agricultural  Society  *  in  1874.  Some  of 
cse  results  are  inaccessible  to  most  readers ;  many  of  them  we 
•ve  never  yet  had  an  opportunity  of  discussing  fully.*  Having 
^refore  a  considerable  amount  of  new  matter  to  bring  forward, 
has  seemed  best  to  treat  the  subject  as  a  whole,  and  to  discuss 

concisely  as  possible  the  relation  of  all  the  facts  hitherto 
Attained,  bringing  the  record  down  to  the  present  time. 
The  subject  will  divide  itself  into  Four  Parts.  The  First 
^T  will  treat  of  the  amount  and  composition  of  the  Rainfall, 
^e  Second  Part  will  embrace  the  results  relating  to  Drainage 
d  Evaporation  from  unmanured  and  uncropped  land.  The 
IIBD  Part  will  deal  with  the  Drainage- waters  from  land 
^ured  and  cropped.  In  the  Fourth  Part  we  shall  endeavour 
Apply  some  of  the  facts  previously  given  to  the  elucidation 

Some  of  the  bearings  of  these  earlier  investigations  have  been  already 
^ted  out  in  Rothamsted  Reports,  which  have  appeared  in  the  *  Journal  of 
Hoyal  Agrieultnral  Society.'  See  papers  on  the  *  Effects  of  the  Drought  of 
^  on  some  of  the  Experimental  Crops  at  Rothamsted/  1871 ;  *  Report  of  Expe« 
^iita  on  the  Growth  of  Barley  for  Twenty  Years  in  succession  on  the  same 
^,'1873,  pp.  367-372;  'Our  Climate  and  our  Wheat  Crops;  1^0,  vV\^-^\^. 


2  On  the  Bain  and  Drmnaga^lVaten  at  Rothamiieii.     ^| 

of  certain  agricaltural  problonu.  In  each  section  of  tlie  xubJMt 
we  hope  to  find  space  for  a  bri^  frlance  at  some  of  the  tenia 
obtained  hy  others  in  the  Mme  field  of  inqairy. 

Part  I. — The  Amount  and  Composition  of  the  Raisfau. 
1.   TTu  Rant-gauges. 

With  the  puroose  of  determining  accurately  th«  amount  d 
the  rainfall,  and  at  the  same  time  of  coUectia^  rnio  in  wSi- 
cient  quantity  to  allow  of  its  chemical  analysis,  a  large  Kmh- 
gauge  was  erected  daring  the  winter  of  185f-3  in  onr  of  tb 
arable  fields  on  the  farm  at  Rothamstn).  The  collecting  faniMl 
was  of  wood  lined  with  lead.  Its  form  was  rectongulnri  iht 
length  7  feet  3-12  inches,  the  width  6  feet,  it  bad  iheKbrr 
an  area  of  i^g^  of  an  acre.  The  surface  of  the  funnel  ir» 
2  feet  above  the  level  of  tha  lurruuDding  ground,  and  iiH 
feet  above  the  level  of  the  Ka. 

The  water  collected  in  this  funnel  was  receiveil  by  a  glaO 
carboy  standing  beneath  it  Thia  carboy  when  nearly  full  nv«- 
flowed  through  a  pipe  in  the  neck  into  a  second  rnrbiij  in 
connection  with  it.  The  quantity  of  water  collected  was,  obn 
necessary,  ascertained  twice  a  day  hy  weighing  the  carboys.  Out 
inch  of  rain  falling  on  this  gauge  would  furnish  226^  lbs.  of  yVf. 

This  gauge  was  in  constant  use  from  T'cbruarv  18J3  W 
November  1876.  Latterly,  that  ia  since  August  1873,  tbe  nw 
of  carboys  was  discontinnJed,  the  water  being  received  in  ^- 
vanised  iron  cylinders  fitted  with  gauge-tubes,  and  its  quntit; 
determined  by  measurement  instead  uf  by  weight. 

The  lar^  gauge  just  described  has  now  been  replaced  ^ 
another  of  identical  form  and  area,  erected  in  the  immnliil* 
neighbourhood  of  the  old  gaage.  The  land  on  three  side*^ 
the  new  gauge  is  not  now  ander  tillage,  having  iKvn  laid  dun 
in  grass  in  1874.  On  the  remaining  side  is  a  field  roDtinsniulj 
cropped  with  roots.  The  edge  of  the  collecting  funnel  of  tirt 
new  gauge  is  constructed  of  plate-glass,  the  remainder  nf  llrt 
gauge  being,  as  before,  of  lead.  The  edge  of  the  funnel  i> 
about  1  foot  above  the  level  of  the  surrounding  soil. 

The  water  from  the  new  gange  is  received  in  a  galvaniMd 
iron  cylinder  placed  beneath;  this  when  nearly  full  overflow' 
into  a  similar  cylinder  itaoding  at  its  side,  which  in  its  uni 
overflows  into  a  third,  and  that  iiito  a  fourth.  Each  cylind" 
will  contain  rather  more  than  half  an  inch  of  rainfall,  niul  i* 
provided  with  a  gradoated  gange-tubc  by  means  of  which  ili<^ 
rainfall  can  be  ascertained  io-i^^oi  an  inch.  A  sketch  of  llw 
rain-gauge  will  be  found  io  ng.  1  (p.  'A).      Its  use  < 
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in   July    1873,  and   has   been  continued   down   to  the  present 
time. 

Besides  the  two  large  gauges  just  described,  an  ordinary 
rain-gauge,  consisting  of  a  circular  copper  funnel  5  inches  in 
diameter,  delivering  into  a  bottle  enclosed  in  a  metal  cylinder, 
has  been  continuously  employed,  and  its  readings  recorded.  Thii 
gauge  was  at  first  placed  by  the  side  of  the  first  large  gauge,  and 
at  the  same  elevation  above  the  ground  ;  it  has  since  been  moved 
to  the  side  of  the  second  large  gauge,  and  brought  to  its  level. 


2.   TJie  Amount  of  the  RainfalL 

The  total  rainfall  recorded  by  the  first  and  second  larg^- 
gauges  during  the  first  year  of  their  comparison  was  practicalljf" 
identical,  tlie  old  gauge  showing  a  rainfall  of  22*361  inches^ 
and  the  new  gauge  a  rainfall  of  22*363  inches.  A  considerable 
diflerence  afterwards  appeared  between  them,  arising  apparently" 
from  leakage  in  the  old  gauge,  which  had  also  altered  somewhat 
in  form  from  the  warping  of  the  wooden  framework.  The  ui 
of  the  old  gauge  was  therefore  finally  discontinued. 

The  small  gauge  has  shown,  on  an  average,  a  distinctly  smalle 
rainfall  tlian  the  large  gauges.      Taking  a  mean  of  28 
(1853-80),  the  large  and  small  gauges  compare  as  follows: — 

Table  I. — Compauison  of  the  Large  and  Small  Baih  Oauo: 

(mean  of  28  Years). 


Moan  Monthly  lUinfall. 


I«irge  (.f.-iugea.  .    Small  Onuge. 


laniiary 

February 

March    . . 

April 

May 

June 

Julv 

Au^UBt  .. 
SoptflllbcT 

Ootobfif  .. 
Novtiiil)er 
December 


InchcH. 
2-590 
1-728 
1-(V.)3 


2 

2' 
»>- 

2 
2 
2 
3 
2 
2 


008 
329 
451 
704 
648 
638 
089 
345 
084 


Juchcd. 

2-26;^ 
508 
399 
803 
149 
272 
533 
440 
403 
784 
113 
861 


1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
1 


Total  fur  Year 


28-302 


25-528 


Deflcioncy  of  Small  Gaage. 


ArtUAL 


InclH^ 
0-327 
0-220 
0  294 
0-205 
180 
179 
171 
203 
235 
0  305 
0  232 
0-223 


0' 

0 

0- 

0 

0 


FtercfDt. 

Indrt. 

12-6 

12-7 

174 

10-3 

7-7 

7-S 

6*8 

7-7 

8*9 

9-9 

9-9 

107 


2-774 


9-8 


It  is  seen  that  the  small  gauge  agrees  best  with  the  l»rg* 
uges  in  the  summer  months,  and  that  on  either  side  of  J^v 


gauges 


the  difference  between  them  gradually  increases.  The  lalg*** 
difference  occurs  in  March,  but  in  all  the  winter  months  ** 
variation  is  considerable.     On  the  whole  year  the  small  pf^ 
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OW8,  on  an  average,  2*774  inches  less  rain  than  the  large 
.i3ges,  or  a  deficiency  of  9*8  per  cent. 

Some  of  the  causes  contributing  to  this  difference  between  the 
.uges  are  tolerably  manifest.  Thus  a  heavy  snow-fall  is  much 
^'^ter  retained  by  the  large  gauge  than  by  the  small;  the 
^posits  of  mist,  dew,  and  hoar-frost  are  also  distinctly  greater 
L^h  the  large  g^uge.  The  increased  difference  between  the 
LUges  during  the  winter  months  thus  admits  of  explanation, 
b&ile  the  difference  observed  during  the  middle  of  summer  is 
>t  so  easily  accounted  for. 

The  rainfall  at  Rothamsted  for  each  month  and  year  during 
ie  twenty-eight  years  1853-80  is  given  in  Table  11.      The      -^^ 
i^infall   for   January    1853   is    adopted   from    the    records  at     \^i 
|lii«irick,  the  Rothamsted  gauge   being   not  then  completed. 
'*«m  February  1853  to  the  end  of  June  1873  the  results  given    /.   ^ 
^  those  obtained  with  the  first  large  gauge.     From  this  date  to 
^®  end  of  1874  the  results  are  the  mean  of  those  yielded  by  the    (UiXA 
^t  and  second  large  gauge.     After  this  date  the  rainfall  is  that     ^.  /? 
measured  by  the  second  large  gauge.    For  certain  days  on  which     ^ 
portion  of  the  rainfall  was  lost  the  readings  of  the  small  gauge      ^^ 
^^e  been  adopted.     For  two  months,  distinguished  by  brackets      i. 

Ae  Table,  an  estimate  has  been  made  of  the  probable  rain  or  * — - 
^w  on  certain  days,  no  certain  record  being  obtained. 
The  average  rainfall  at  Rothamsted  during  twenty-eight 
^i^  has  been  28*302  inches.  This  rainfall  is  distinctly 
g'her  than  that  usual  in  the  eastern  counties  of  England.  In 
^  excellent  Hyetographical  Map,  prepared  by  Mr.  G.  J. 
[^ons  for  the  Sixth  Report  of  the  Rivers'  Pollution  Com- 
^^ion,  it  appears  that  while  the  rainfall  of  the  eastern  counties 
generally  below  25  inches,  the  rainfall  of  an  isolated  district 
uprising  part  of  Hertfordshire,  Buckinghamshire,  and  a 
^^l  portion  of  Bedfordshire,  is  between  25  and  30  inches.  It 
lo  this  district  of  relatively  high  rainfall  that  Rothamsted  is 
*»«tted. 

'Ve  have  been  kindly  supplied  with  copies  of  the  records  of 
onfall  at  various  stations,  situated  mostly  in  the  neighbourhood 
Rothamsted,  those  stations  being  selected  at  which  observa- 
^*^s  had  been  made  throughout  the  twenty-seven  years,  1853—79. 
^  are  indebted  to  the  Rev.  C.  W.  Harvey  for  copies  of  the 
'^xds  at  Gorhambury,  St.  Albans ;  Nash  Mills,  Hemel 
^xnpstead ;  and  Hitchin  :  to  Mr.  J.  McLaren  for  the  record  of 
^  own  observations  at  Cardington,  Bedford  ;  and  to  Mr.  G.  J. 
n^ons  for  copies  of  the  records  at  Royston,  and  at  Stretham, 
^y*  To  compare  with  these  we  have  also  taken  the  records  of 
J^cnwich  rainfall,  as  given  by  Mr.  W.  C.  Nash  in  Symons' 
British  Rainfall,  1879.'    In  the  following  TaUe  l\ie»e  t^voSaSi- 


iX, 


6 


On  the  Rain  and  Drainage -Waters  at  Itothamsted. 


o 
to 

5 

tc 

eS 


O 

oc 

oc 


X 


cr. 


&4 
X 

tc 


-;  -5      ■/  "^  I  -  "^  —  --•  —  r.  <-•  o  ^  tt  i.-  CM  -  "-«  X  X  t^  o  oi  ;c  I  -  •«'  s  »c 
*c      ^rrr:  —  rJXO'^x».'^r:c-».':2^X'^»r:'i9-;£OCk?t»>-«'v« 

=  c:r:r:i^xoort:^X"-'X  —  r:-c^'*-;s  —  ».-:».'^--«^•r--r: 


«^     «W»     'A 

•*•  ^  «•• 
>      •      • 


•/■      -^  .^1     -^  .^     -^     ^,1     -^      -5^     -^     tf^     •«     ^_  A^    __    «^  -*•      ^Mk      ^      mmk 

-'-      ^^  •  <     ■     •  w«      ^      «  «     ^^      ^w      ^m     ^m     ^*w     ^^  «  m    ^^    ■   V  ^w     ^0    Wv     "^ 

-^       .-  ^j      *«  I            -y^     ,«».      «A     I            A^     A^     ^^    »^  — ».     «M     -^  ^     ^^     —^     M^ 

—  I'  I  -  rj  «rt  r.  i^  •-•  t-t  i-  'C  «.•  •-•  r^  C  u-  —  ;;  >^  C 


^o  —  — "-MO  —  2^^^— "-HO  —  M74'^r:Mi-i'i*«Ci-i^*ttn  —  c 


3 


•  "?i  —  c-  f  n^  •>r  -r  i.-^  r:  u-^  t>-  ?i  -^  rj  ^  ->j  r:  X  r;  —  -r  t-:  ?4  —  c:  *-"  •?•  r. 
r  •-':  rt  I '  7J  -r  i^  X  •.'^  r.  -r  —  i^  ;^  •—  ri  M  X  r: «.-  t>-  ci  -r  «  c  t*^  '•  —  - 


r.  r:  —  —  c  5::jj^p 
^  -J  f 'i  t"^  X  r;  -3  X  1^  ^ 

^  r:  ?i  »-•  ?i  i.~  —  ?i  F-^  — « 


M  c;  ^lu*:  X  -^  X  c.  ^  ;r  cc  ?c  *.':  X  c:  c  I*  •■'i  2 
*.":  —  c.  c-  —  ir;  rt  —  rt  X  r^  cs  CM  c  —  o  X  —  5 
c:  r:  -M  r*.  X  X  c  o  —  t-  ^3  X  Ti  JL  ».';  c;  r.  X  SI 

■  •■••••■••■a  -.»••• 

•^  3-1  -^  t^  —  -^  r»  c'l  tf  ^  "^  CM  ^:  C-:  —  —  M  c  -• 


r 

,  —  r.  •-  1-  ?i  r-  -c  X  r:  Ci  r-^  -r  rj 

—  C  1  -  i-t  —  —  •-'t  -^  I"  1^  c*  cs  —  « 

^ 

£71C—  CM-J^^XCM  —  CMCMTtC 

'7 

•^  rs  -r  o  ^  X  i.*:  ?t  (M  ?i  «  o  c  Ci  ?<  :r  5 

r^  -^r  o  -^  ci  X  o  1^  X  1^  -^  c  —  CM  •  ^:  ^. 


iC 


.  X  "—  r:  i-*^  r^  —  X  r:  r*  "^  -r  tr:  —  —  i-r:  ^  —  !•*  c  »f;  c  X  cj  *.*:  w  c  x  5 
/  I  -  M  ::  — •  1^  "C  r^  M  X  o  —  I*  1^  — '  ».i  t  -  »t  ic  I  -  X  X  f  c  r^  ci  I*  vf:  s 
^  r.  X  —  "^  o  ».':  i^  CM  X  o  X  i-*  —  -»»•  — « 1^  M  »ri  !>.  CM  ?c  t^  —  c;  ••'5  r.  l-  5 

•       ••••••••  •••••»••■•«-•■•••,* 

=:ri?l'Mrirt^GM'*'OCMCMOi.':C^CMW  —  —  CCMCM  —  —  CiCM-r-^'- 


.—  —  -r -*-  —  •—  —  ccoxcc^  —  —  ?crs«x«c  CM -^©CK-r  •-•?':- 

/  X  »-:  ».-:  r.  —  X  ri  c^  r.  j;  o  o  r:  —  o  ^r  I--  —  C-.  c:  «  ^  «c  -^  X  .c  f  2 
^  —  c  r.  "^  'C  «  o  O  — «  i^  i-*  00  c:  o  -^  cc  Ci  -<  Ci  X  *r.  oc  ;c  f  CM  -C  c^  N 


.  J-:  ct  i"  ?i  ir:  X  r;  :o  'c  i^  •*•  :r  — «  o  CM  <r.  *•:  o  -^  -<  X  CO  X  c  *!t  '-I  —  •£ 
?  r.  '^  —  — «  — «  o  o  i-'5  i^  o  o  X  X  F-i  -c  ;r  'c  I*  'C  ci  -^  c  CM  .«  CO  c  it  2 
^  ct  I-  -c  r;  ri  r.  •**  CM  C5  "^  ^  i^  1^  Lt  o  ?:  o  C5  X  c  i^  o  ift  w  -« «!c  lit  i 


>^ 


?l-r  —  l^'*:  re  C>J  >!».*-♦•  —  CX-hC:?i;il^'t«^I^r^<CCM'rC— N 
■'  X  -X  ri  c:  c  o  ?o  c:  f  -^  -^  X  -r  -^  i.*:  ?:  c^i  -t<  -^  c*.  fc-i  oc  rt  x>  c^  t-  X  — 
^  -^  :*  :■:  1^  — « •-':  — «  r:  o  r.  «c  X  o  CI  cc  1^  c^  w  c  X  ;£>  1-^  t>- 1"-  X  ri  •»•  I* 

^— i'rCI'*'-'MCM'^F^CM  —  ^K-HCCOCC  —  OCM^^CMOCM'«!'«C 


itr-^"rCXO'MCMX:C<-il^'NOt>-CMl'*CSOO^««CC3*?5l^»C« 


•        ■        • 


=  CMCM^-'©>-hC^'NCCOGMp^i-iCMi-(.-i-H^CMC<IOCC<C^O  —  -• 


2: 


7  r  —  r.  »^i^c»ii^cM^Oi-t<t>-cococcssi-«©cor>-"^CMt»iO©ocaO 
i:':r:rjr5i-t-r©CM'*oi^t^xcMOi'i*<'<»*i-N«5'»t<cct^i-i©oxr-5 


•        •        • 


=  — •oO'^©-Hc^i-HC<i©©©<-icc>-ii-(caca»-<i-Hi-Hi-^i-H«N  —  floei 


• 

X  CM  00  © 

cr-  X  ©  i^ 

O  l^  I'-  CJ 

•        •        •        • 

i 

• 

?i-^i^cooocr^?ic«5co©»ci^»^coci© 

'>t4aOL^©CM©©0©-<«400'<«<CO©AOX 

i 

SI 

• 

aba 

•        • 

^cMrj©c^i?o©i-^w©i-N'<*<p^'<*<ccc^coco^i-N^'*fHoc^'***e*o 


as 


T. 


iC  CC  to  X0i 
CO  woo  00  00  00 


§ 


On  the  Rain  and  Drainage  -  Waters  at  Rothamsted.  7 

»rd8  are  compared  with  the  results  shown  bj  the  large  gauge 
lothamsted  * : — 

LB  m. — The  Ayebaoe  Monthlt  and  Annual  Baintall  obsenred 
at  EiOHT  Stations  during  27  Teabs,  1858-79. 


Within  High  RalnfsU  district. 

Without  Hl|^  RalnfUl  distrlot 

Bothsm* 

sted. 

Herts. 

St.  Al- 
bans, 
Herts. 

Hemel 
Hemp- 
stead. 
Herts. 

Hitchln, 
Herts. 

"ssr 

Osrdlnff- 
ton,  Beds. 

Stretham, 
Osmk 

Qresn* 
w1ch« 
Eent. 

Inches. 

Inches. 

InchtHi. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

ary    .. 

2-67 

2-69 

2-61 

2  15 

207 

1-83 

1-42 

2-18 

oaiy  .. 

1-69 

107 

1-66 

1-50 

1-49 

1-30 

1-03 

1-37 

5h       .. 

1-71 

1-81 

1-74 

1  50 

1-52 

1-33 

1-20 

1-47 

1 

2-00 

1-91 

1-86 

1-70 

1-59 

1-51 

1-38 

1-68 

•  •     •  • 

2-39 

2-36 

2-26 

208 

204 

1-85 

1-79 

216 

t  .. 

2-47 

2-37 

2-35 

206 

1-91 

206 

1-97 

216 

•  •           •  • 

2-61 

252 

2-44 

2-52 

214 

219 

2-49 

2-38 

aat 

2-70 

2-63 

2-53 

2-49 

2-41 

2-37 

2-41 

2-43 

3mber  . 

2-52 

2-54 

2-53 

2-23 

2-19 

209 

205 

2-27 

ber     .. 

2-98 

2*84 

2-76 

2  51 

2-31 

2-17 

200 

2-67 

amber.. 

2-32 

2-32 

2-24 

2- 13 

2-07 

1-82 

1-87 

2-03 

mber  .. 

203 

213 

208 

1-79 

1-78 

1-53 

1-33 

1-87 

28-09 

27-79 

27  06 

24-66 

23-52 

22  05 

20-94 

24-67 

^he  smallest  fall  of  rain  occurs  in  all  cases  in  February  and 
rch;  from  this  point  there  is  at  Rothamsted  a  steady 
^ease  up  to  July  and  August ;  there  is  then  a  slight  decrease 
September,  and  the  maximum  rainfall  of  the  year  is  reached 
October :  after  this  there  is  a  rapid  fall  to  December,  fol- 
ed  by  a  considerable  rise  in  January.  The  records  at 
Albans  and  Hemel  Hempstead  agree  excellently  with  those 
iothamstedy  the  latter  station  having,  however,  a  somewhat 
iter  summer  rainfall. 

Vith  Hitchin,  Royston,  Cardington,  and  Stretham,  which 
in  a  different  rainfall  district,  the  maximum  rainfall  occurs 
August  or  July,  not  in  October.     At  Greenwich,  however, 

^ —  ^^ ^ ,1  -  - 

The  records  of  the  large  gauge  at  Rothamsted  do  not  compare  exactly  with 
e  of  the  smaller  K&uges  of  other  stations ;  while,  however,  tbe  records  of  the 
e  gauge  are  comparatively  rather  high,  those  of  our  5-inch  funnel  gauge  are 
ie  other  direction.  TJie  excess  of  the  large  gauge  over  ordinary  gauges  is 
mbly  about  1  inch  per  annum.  The  rain-gauges  employed  at  the  various 
tons  named  are  as  under : — 

Height  above  groand.      Height  above 

hatnsted,  size  of  gauges  ..     87  X  72  in 1  and  2  ft 420  ft 

Albuns,  diameter  of  gauge 
'^  Hempstead      „ 

Jton  „  8  „  ....  0 

*»ttgton  „  12  ..  ....  3  ..  0 

*thiun,  Ely  „ 

**»wich  ,.  8  ,.  ....  0 


87  X  72  in. 
6  in. 
12 


»» 


t» 


1  and  2  ft. 

2  ft.  0  in. 

3  »»   9  »t 


>f 


»» 


n 


f> 


»> 


>f 


»» 


237 
238 
269 
109 

\^ 


n 

19 


•» 


w 


«t 
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the  order  of  the  rainfall  agrees  with  that  observed  at  Rothamsted, 
St.  Albans,  and  Heniel  Hempstead.  The  rainfall  in  bothdisr 
tricts  is  very  similar  in  the  month  of  August ;  they  differ  most 
in  January. 

According  to  the  rule  adopted  by  many  engineers,  the  driest 
year  in  a  long  scries  will  have  a  rainfall  one-third  less,  and  the 
three  consecutive  driest  years  an  average  rainfall  one-sixth  Ies« 
than  the  mean  ;  while  the  rainfall  in  the  wettest  year  will  be 
one-third  greater  than  the  mean.  The  maximum  rainfall  is  thus 
reckoned  as  twice  as  great  as  the  minimum.  The  extreme  rain- 
falls recorded  at  the  eight  stations  just  mentioned  occurred  ats 
follows  : — 


Wettost 

Driest  Year. 

Driest  ThfM 

\eur. 
1879 

Yesars. 

Hollmmsted 

18G4 

1862-64 

1  St.  Albans 

1872 

1864 

1854-56 

Hcmcl  Hc'iniistciid     .. 

1872 

1864 

1862-64 

• 

ilitcliin        

18G0 

1854,  1864 

18<>2-64 

I    Uoynton         

1879 

1864 

1862-64 

1  Cftidiugton 

1875 

1870 

1869-71 

iStR'tliain,  Ely     .. 

1877 

1854 

185^1-56 

(j!n.t'n\\ic-h 

1 

1860 

1864 

1856-58 

The  rainfalls  recorded  at  these  extreme  periods  of  excessi^^ 
rain  or  clroup:ht  compare  as  follows  with  the  quantities  whi(?'^ 
would  be  calculated  on  the  above  mode  of  reckoning  : — 

Taiuj:  IV. — Tlio  Rainfalls  recorded  in  the  Wettest,  Driest,  »n»^ 
Driest  Thrke  Consecutive  Years  during  27  Years,  1853-7  ^> 
coin2)ared  \nth  the  calculated  Estimate. 


Wettest  Year. 


Record.    I  E&timate. 


Rdthamstcil 

St.  All)tms 

Iloinel  IleinpstLad     .. 

Hitchin        

KovMton        

Ciirdington 
Strothaiii,  Ely     .. 
Greenwich 

^leiin 


3G04 
38- 15 
30-28 
SO -28 
80-06 
31-39 
29-03 
31-90 


32-89 


37-46 
37-05 
36-08 
32-88 
31-36 
29-40 
27-92 
32-89 


Driest  Tear. 


Record. 


18' 

18' 

16 

17 

16 

14 

13 

16 


56 

96 
16 
67 
87 
81 
38 


Estimate. 


Driest  ThiM 
Gonwcntive  Y 


Record. 


18-73 
18-53 


18 

16" 

15 

14 

13 


04 
44 
68 
70 
96 


16-45 


23*94 
23-68 
22-25 
19-68 
19-49 
18-30 
15-87 
20-71 


3313 


16-63 


16-57  I    20-49 


Tlie  agreement  between  the  amounts  of  rain  actually  record^ 
nm\  those  calculated  by  the  practical  rules  above  referred  to  ^ 


On  the  Rain  and  Drainage  -  Waters  at  Rothamsted.  9 

3aghout  very  fair,  and  amply  justifies  their  application  to 
"poses  of  water-supply. 

3,   The  Composition  of  the  Rain-water, 

Vhen  the  vapour  of  water  is  condensed  in  the  upper  regions 
the  atmosphere,  and  descends  in  the  form  of  rain,  hail, 
mow,  it  reaches  the  earth  holding  in  solution  more  or  less 
he  gases  present  in  the  atmosphere.  The  quantity  of  any 
dissolved  by  rain  will  depend  on  the  solubility  of  that  gas 
irater,  will  be  greater  in  proportion  to  the  abundance  of  that 

in  the  atmosphere,  and  will  also  be  greater,  other  circum- 
ices  being  equal,  as  the  temperature  of  the  rain  is  lower, 

the  pressure  of  the  atmosphere  higher.  In  rain-water 
ected  in  the  country  nitrogen  and  oxygen  will  be  the  gases 
ffly  present,  with  a  small  quantity  of  carbonic  acid,  and 
ill  smaller  amount  of  carbonate  of  ammonium, 
^ides  the  gases  which  rain  holds  in  solution,  it  contains 
ous  solid  substances  gathered  from  the  atmosphere  during  its 
«nt.  Some  of  these,  as  the  chlorides,  sulphates,  and  nitrates 
^dium,  calcium,  and  ammonium,  are  dissolved  by  the  rain ; 
Ts,  as  particles  of  dust  and  soot,  are  merely  mechanically 
1»  and  give  to  rain-water  its  ordinary  dirty  appearance. 
»t  of  the  constituents  of  rain-water  are  present  in  very  minute 
entity,  and  the  powers  of  chemical  analysis  are  taxed  to  the 
ost  to  determine  them. 

'  will  be  well  to  notice  as  briefly  as  possible  the  sources 
he  more  important  matters  dissolved  by  rain-water  in  its 
lage  through  the  air. 

*he  ammonia  of  the  atmosphere  is  derived  from  the  decay  of 
Hal  and  vegetable  matter,  both  on  land  and  in  the  ocean, 

from  the  combustion  of  fuel,  especially  coal ;  the  air  of 
Qs  is  much  richer  in  ammonia  than  that  of  the  country, 
ording  to  M.  Schloesing,  the  ocean  of  the  tropical  regions  is 

most  important  source  of  atmospheric  ammonia.  At  the 
ti  temperature  of  tropical  latitudes,  the  ammonia  produced  by 
decay  of  organic  matter  diffuses  freely  into  the  atmosphere, 

is  carried  by  winds  to  all  parts  of  the  globe.  In  northern 
tudes  southerly  winds  are  those  richest  in  ammonia, 
^e  nitric  acid  present  in  the  atmosphere  is  due  in  part  to 
^cal  agency.  Discharges  of  electricity  in  the  air  deter- 
^  the  combination  of  the  nitrogen  and  oxygen  of  which  the 
^osphere  is  composed,  nitrous  acid  being  formed ;  ozone  is  at 

same  time  produced,  which  is  capable  of  oxidizing  both 
i^tts  acid  and  ammonia,  nitric  acid  in  each  case  resulting, 
source  of  nitric  acid    independent  of  electxicaY  dVu^^ox^^ 
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exists  in  the  oxidation  of  ammonia  bj  ocone  and  peioiMe  o( 
hydrogen.  As  the  latter  substance  is  erolTed  wben  ImuaHM^ 
and  possibly  other  bodies,  are  oxidised  in  the  air,  the  ne^faboih 
hood  of  a  pine-forest  should  be  favourable  to  the  faimatimof 
nitric  acid  in  the  atmosphere. 

The  sulphates  of  the  atmosphere  arei  acoordiog  to  Angw 
Smith,  chiefly  derived   from  the  oxidation  of  the  nlphur  ciMr 
pounds  evolved  during  the  decay  of  animal  matter.    In  tom 
the  sulphates   are   much    increaaed    by  the  oxidation  of  die 
sulphurous  acid  contained  in  coal-smoke. 

Chlorides  are  principally  furnished  by  the  sea,  fine  spray  off 
salt-water  being  carried  long  distances  by  high  winds.  To  asnill 
extent  chlorides  may  also  be  furnished  by  the  oombnstion  of  faA* 

The  quantity  of  ammonia  and  nitric  acid  contained  in  niB' 
water  is  a  question  of  considerable  interest  to  the  agricnltsiiit- 
As  ammonia  and  nitric  acid  form  the  chief  if  not  the  oaly 
sources  of  the  nitrogen  of  plants,  and  manures  containing  them 
are  purchased  by  the  farmer  only  at  considerable  expense^  H 
becomes  of  great  interest  to  ascertain  the  amonnt  natmlly 
supplied  to  our  fields  by  rain. 

De  Saiissure,  Brandes,  and  Liebig  had  called  attention  to  di^ 
existence  of  ammonia  and  nitric  acid  in  rain-water  before  tlii0 
commencement  of  the  Rothamsted  experiments.  Some  initistiw 
determinations  of  the  ammonia  in  rain  were  made  at  Rothsniitod 
as  early  as  1846.  Barral,  in  1851,  made  determinations  of  hot!* 
the  nitric  acid  and  the  ammonia  in  the  lain  which  fieU  i^ 
Paris  during  several  consecutive  months ;  and  in  1852 
gault  determined  the  ammonia  in  the' rain  collected  at 
frauenberg,  in  Alsace.  The  opportunity  afforded  by  the 
of  the  large  gauge  at  Rothamsted  of  collecting  oonndcnU^ 
quantities  of  rain-water  at  a  distance  from  any^  laige  tov» 
was  at  once  turned  to  account  to  follow  up  the  subject.  A  fixs^ 
proportion  of  the  day's  rainbll  was  regnlarlj  set  aside^  ■i*' 


these  quantities  being  mixed  at  the  end  of  the  mcmth,  a  ssflml* 
was  obtained  accurately  representing  the  month's  laiaful* 
Determinations  of  ammonia  were  made  in  these  mooA^ 
s&mples  for  15  months  during  1853  and  1854.  The  inilloj 
employed  consisted  in  fractional  distillation  of  the  watei^  ^^ 
determination  of  the  ammonia  in  the  distiUale  witfi  a  ^^ 
dilute  standard  acid  and  alkali.  The  results  of  these 
were  communicated  to  the  British  Association  for  the 
ment  of  Science  in  1854,  and  to  the  Report  of  Ae 

*  Bothamsted  lies  about  25  mOss  norOi-frait  of  LondoBi  sad 
north  of  St.  Albans.    The  yUlige  of  HsipcndsOy  wl^  a  f«T 


tion  of  nearly  8000,  lies  mostly  to  fhs  nonh-sssk  sad 

majority  of  the  houses  being  incMbiky  shfqol^tus  iijMrtMs  sf  ^l 
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hat  year  we  must  refer  for  all  details  of  this  investigation.* 
'able  V.  will  be  found  a  summary  of  the  results, 
he  amount  of  nitrogen  existing  as  ammonia  is  given  in 
8  per  million.  This  mode  of  reckoning  will  be  adopted 
ugbout  the  present  paper  ;  partly  because  any  smaller  unit 
►Ives  the  use  of  long  decimals,  and  partly  because  results 
expressed  are  equally  intelligible  to  foreign  and  English 
ers;  *  parts  per  million'  are,  indeed,  identical  with  the 
ligrams  per  litre,'  commonly  employed  on  the  Continent, 
those  English  readers  to  whom  a  million  may  appear  a 
le  term  we  may  here  state  that  1  inch  of  water  per  acre 
:hs  226,263  lbs.,  consequently  10  parts  per  million  of 
>gen,  or  of  any  other  constituent  of  rain  or  drainage-water, 
^apond  to  2*26  lbs.  per  acre  for  each  inch  of  rain  or  drainage. 

•■  V. — NiTBOOEN  existing  as  Ammonia  in  Eain-Wateb  collected 

at  BOTHAMSTSD  1853-4. 


1858. 

1864. 

Nitrogen  as  Ammonia. 

Nitrogen  at 

I  Ammonia. 

Rainrall. 

Rainfall. 

Incheti. 

Per  Million 
ofKain. 

Per  Acre, 
lbs. 

Inches. 

Per  Million 
ofKaiii. 

Per  Acre. 

lbs. 

try  ..      .. 

•  • 

•  • 

•  • 

2  034 

0-64 

0-.30 

*ry..      .. 

•  • 

•  • 

■  • 

0-949 

0-78 

017 

1     ..      .. 

2-363 

1-19 

0-63 

0-.514 

0-78 

0-09 

2-999 

0-67 

0-46 

0-498 

0-80 

009 

*          •  •           « • 

1-682 

1  10 

0-42 

4*384 

0-37 

0-38 

3-395 

1-05 

0-80 

4                 «  c                  9  9 

4-484 

0-77 

0-78 

It      ..         .. 

2-978 

0-69 

0-46 

nber 

2-011 

0-61 

0-28 

BT    .. 

3-659 

0-57 

0-47 

aber 

2-052 

0-66 

0  31 

iber 

0-408 

1-33 

012 

e  have  here  during  the  first  12  months  a  total  rainfall  of 
L4  inches,  containing  nitrogen  in  the  form  of  ammonia 
1  to  5*20  lbs.  per  acre.  In  the  whole  15  months  over  which 
determinations  range  we  have  a  rainfall  of  34*41  inches, 
lining  on  an  average  0*74  of  nitrogen,  as  ammonia,  per 
ion  of  water.f 

On  the  Amounts  of,  and  Methods  of  estimating  Ammonia  and  Nitric  Acid  in 
Water.'*  By  J.  B.  Lawes  and  Dr.  J.  H.  Gilbert.  Report  of  British  Asso- 
Q,1854. 

L^  average  is  not  the  mean  of  the  fifteen  monthly  proportions  of  nitrogen 
ilUon  g^ven  in  the  table,  which  would  amount  to  0*80,  out  is  arrived  at  by 
Qg  the  total  lbs.  of  nitrogen  per  acre  contained  in  the  fifteen  months'  rain 
>  total  lbs.  of  rain  per  acre  which  fell  in  that  period ;  the  figure  thus  arrived 
ly  repreaents  the  composition  of  the  water,  supposing  the  whole  rainfall  of 
Wn  months  had  been  mixed  together.  The  same  metbod  ^\!ii>a^  «mv^^^ 
^nUMimg general  avengea  throughout  this  paper. 


i 
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An  attempt  was   made  to    determine    the    small    amouQt 
nitrogen  existing  as  nitric  acid  in  some  of  the  above  rain-wUi 
but  the  methods  then  known  did  not  prove  sufficient!)'  accnrue 
far  the  purpose. 

The  rain  collected  at  Rothamsted  during  1855  and  1856  ■»■ 
analysed  bj  Professor  J,  T.  Way  ;  he  determined  the  qutinlit^ 
both  of  ammonia  and  nitric  acid  in  mixed  samples  of  tiWT- 
representing  the  rainfall  of  each  month.  The  ammonia  in  ibe 
rain  was  determined  by  a  method  similar  in  principle  W  that 
employed  at  Rothamsted.  The  nitric  acid  was  determined  l>jr 
»  new  and  delicate  method  devised  for  the  purpose  by  PrDfeMOt- 
Way.  The  details  of  this  investigation  will  be  found  in  the 
'Royal  Agricultural  Society's  Journal,"  vol.  ivii.  142,  filK  A 
summary  of  the  results  is  given  in  Table  VL  The  figures  given 
by  Way  have  been  recalculated  so  as  to  compare  with  the  otber 
analyses  in  this  Paper. 

Table  VI. — NrrBooKN  as  Ammohia  and  Nitric  Aoid  in  RASi-Vm* 
collected  at  Roteahgtes  in  1S55  and  1866. 


\ 


Janaarj 

Fubniarj    .. 
Muroh 

jdy  ::  :;  :: 

August 

Beptember  .. 

October  ..      . 

November  .. 

December  , . 

Whole  Year 


2- 187 
2-874 

1  ■122 

2  235 


It  appears  that  on  the  whole  a  somewhat  larger  amonol  " 
ammonia  was  found  by  Way  than  in  the  previous  determinaU"''^ 
at  Rothamsted  ;  this  is  especially  the  case  in  the  anslyiM  '  , 
rain-water  collected  in  185b.  On  the  average  of  the  whole*  ^ 
months  Way  found  the  proportion  of  nitrogen  in  the  form  ** 
ammonia  to  be  1'03  per  million  of  rain-water.  The  nitroj^* 
existing  as  nitric  acid  is  a  fat  smaller  cyiantity,  averaging  '^ 
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24  months  only  0*12  per  million.  Boussingault  had  found 
uin-water  collected  on  a  wooded  hillside  at  Liebfrauen- 
li  from  May  to  November  1852,  an  average  of  0*48  parts 
itrogen  as  ammonia  per  million  of  water.  In  rain  collected 
be  same  place  at  a  similar  time  of  year  in  1856  and  1857, 
ound  the  nitrogen  as  nitric  acid  to  average  only  0*048  per 
ion. 

'he  results ,  given  in  Tables  V.  and  VI.  show  that  the 
atity  of  ammonia  in  rain-water  is  subject  to  very  con- 
rable  variation.  This  difference  is  partly  due  to  a  variation 
be  quantity  of  ammonia  present  in  the  atmosphere.  Under 
iral  conditions  the  air  will  be  richest  in  ammonia  in  summer- 
ly and  generally  when  a  warm  wind  is  blowing.  In  towns, 
ever,  where  much  ammonia  is  produced  by  the  combustion 
Hdly  the  winter  may  be  the  period  when  ammonia  is  most 
idant  in  the  atmosphere.  At  Rothamsted  the  rain  is  appa- 
ly  richest  in  ammonia  in  summer-time.  If  we  take  the 
rminations  made  during  the  first  12  months  at  Rothamsted, 
the  subsequent  two  years'  analyses  by  Way,  and  separately 
age  those  relating  to  what  for  our  purpose  we  may  call 
mer  and  winter  periods,  we  arrive  at  the  following  average 
Its: 


KSLE  YII. — NiTBOoBN  as  Ammonia  in  the  Baik  of  Summbb  and 

WlKTBB  FSKIODS ;   AVEBAOE  of  ThBEB  YeABS. 


B41MPALL. 

Inches. 

Nitrogen  as  Ammonia. 

Per  Million 
ofBAln. 

Ponndaper 
Acre. 

ler  (April  to  September)  .. 
ir  (October  to  March)       ..      .. 

16-203 
12-262 

1-02 
0-85 

8-74 
2-36 

Whole  Year     

28*465 

0-95 

6-10 

le  nitric  acid  shown  by  Way's  analyses  is  also  slightly 
er  in  the  summer  period,  the  average  of  two  years  giving 
he  summer  rain  0*122,  and  for  the  winter  rain  0*109  of 
gen  per  million. 

lother  condition  which  has  a  still  greater  influence  on  the 
ortion  of  ammonia  in  rain  is  the  amount  and  distribution 
ie  rainfall.  A  heavy  rainfall  descending  in  a  short  time 
always  be  poorer  in  ammonia  than  the  rain  of  light  showers 
ibated  over  a  considerable  period,  the  former  t^\tw-v)^\et 
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having  come  in  contact  with  a  relatively  smaller  vblume  of  air 
than  the  latter.  Moreover,  in  a  storm,  or  a  consecutive  rain- 
fall, the  latter  part  of  the  rain  passes  through  an  atmosphere 
already  well  washed,  while  in  light  showers  the  atmosphere  is 
more  or  less  renewed  between  each  rainfall.  The  influence  of 
the  quantity  of  the  rain  on  the  proportion  of  ammonia  it  con- 
tains will  be  plainly  seen  if  we  arrange  the  39  monthly  analyses 
of  rain-water  already  given  according  to  the  amount  of  rainfall 
in  each  month,  as  is  done  in  the  following  Table : 

Table  YIII. — Nitbooen  as  Ammonia  in  Monthly  Eainfalls  arranged 

according  to  the  Amotjnt  of  Fall. 


RaiDfall  below  1  inch  (7  months)      

Rainfall  between  1  and  2  inches  (9  months)  .. 
Rainfall  between  2  and  3  inches  (16  months).. 
Rainfall  above  3  inches  (7  montiis) 


Avprage 
Rainfall. 


inches. 
0  624 
1-530 
2-473 
4-727 


Nitrogen 

as  Ammooii, 

perMilUua 


1-06 
117 
0-91 
0  82 


The  smallest  rainfall  does  not  here  contain  the  largest  pro- 
portion of  ammonia,  the  maximum  of  ammonia  occurring  in 
the  rainfall  standing  second  in  the  Table,  but  on  the  whole 
the  proportion  of  the  ammonia  plainly  falls  as  the  amount  of 
rain  increases. 

The  nitrogen  existing  as  nitric  acid  follows  a  similar  order. 
The  rain  of  three  months  in  which  the  fall  was  below  one  inch, 
contained  as  an  average  0*12  of  nitrogen  as  nitric  acid  per 
million.  The  average  of  eight  months,  with  a  fall  between  one 
and  two  inches,  was  0*14  of  nitrogen  per  million.  Ten  months, 
with  a  fall  between  two  and  three  inches,  gave  an  average  of 
0*12  of  nitrogen  per  million ;  while  three  months,  with  a  &U 
exceeding  three  inches,  gave  0*10  of  nitrogen  per  million. 

It  appears  that  the  smallest  rainfall  was  not  quite  the  richest 
either  in  ammonia  or  nitric  acid.  It  may  of  course  happen  that 
a  small  monthly  rainfall  may  not  be  a  distributed  one,  but  fall 
in  a  few  heavy  showers.  A  more  general  explanation  appears 
to  be  that  the  conditions  most  favourable  to  a  high  proportioo 
of  ammonia  in  the  rain-water  (as  a  sudden  change  from  a  warm 
to  a  cold  wind)  are  conditions  generally  attended  by  a  somewhat 
considerable  rainfall. 

The  determinations  of  ammonia  made  in  three  years*  rainfall} 
and  the  determinations  of  nitric  acid  in  two  years'  rainfall,  lead 
to  the  following  conclusions  as  to  the  quantity  of  nitrogen  in 
these  forms  annually  supplied  to  the  soil  by  rain« 
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Tabu  IX. — Nitboosn  as  Ammonia  and  Nitbio  Aon>  in  the  Baintall 

of  Thbeb  Ybabs,  in  lbs.  pbb  Agbe. 


TeaTB. 


1853-1 
1855 
1856 


Mean 


Rainfall. 


inches. 
29  014 
29- 166 
27-215 


28-465 


Nitrogen  per  Acre,  as 


Ammonia. 


Ibd. 

5-20 

5-82 

7  28 

Nitric  Acid. 


Total  Nitrogen. 


lbs. 

[0-74] 

0-72 

0-76 


610 


0-74 


lbs. 
5-94 
6- 68* 
8-00* 


6*84 


T*hus  on  an  average  of  three  years,  with  a  mean  rainfall  of 

^0*465  inches,  we  have  6*  10  lbs.  of  nitrogen  as  ammonia  supplied 

^  the  soil  per  acre  each  year ;   and  in  addition,  on  an  average 

.  \^^  years,  0  741b.  of  nitrogen  in  the  form  of  nitric  acid  ; 

giving  a  total  of  6*84  lbs.  of  nitrogen.     If,  however,  we  only 

'^g^^i'd   the  two   years  in  which  the  nitric   acid  was   actually 

aetoi-niined,    the    total    nitrogen    becomes    7*29  lbs.    per    acre, 

fQ^ivalent  to  46^  lbs.  of  ordinary  nitrate  of  sodium.     It  must 

"®    Recollected  in  dealing  with  these  figures,  that  the  analyses 

^^    "^vhich  they  are  based  were  made  at  a  time  when  many  of 

1^^     modern  refinements  in   chemical  methods  were  unknown. 

^''^^^her  on  we  shall  compare  these  results  with  those  obtained 

"^^JjNe  recently,  both  by  others  and  at  Rothamsted. 

^^he  amount  of  ammonia  supplied  to  the  soil  by  rain  does  not  of 
^^:Rse  represent  the  whole  amount  furnished  by  the  atmosphere  ; 
^^  Viave  also  to  take  into  account  the  direct  absorption  by  the  soil 
*^*^Xf.  The  quantity  of  ammonia  annually  absorbed  from  the 
^^'^i^osphere  by  a  moist  soil  is  doubtless  considerable,  but  in  the 
P'^^^ent  state  of  our  knowledge  no  estimate  of  the  amount  can  be 
™^^e ;  we  shall,  however,  refer  to  the  point  again  further  on. 
^The  next  analyses  of  Rothamsted  rain-water  we  have  to  notice 
^  those  made  by  Dr.  E.  Frankland,  and  published  in  the  Sixth 
"'^I)ort  of  the  Rivers*  Pollution  Commission,  1874,  p.  27.  This 
•^^ies  includes  71  samples  of  rain-  and  snow-water  collected  in 
ta^  first  large  gauge  between  April  1869  and  May  1870,  and 

*  ^Simples  of  dew  and  hoar-frost  collected  within  the  same  period. 

*  t^«  examination  to  which  these  waters  were  submitted  was  far 
^c>Te  complete  than  in  any  of  the  preceding  analyses,  the  work 
^^  iact  stands  in  some  respects  unique  among  investigations  of 
the  kind  hitherto  published.  Dr.  Frankland  determined  the 
^tal  solid  matter  dissolved  in  the  water,  and  the  quantity  of 
^^bon  and  nitrogen  existing  in  the  form  of  organic  matter, 
"^^ides  making  determinations  of  the  ammonia,  nitric  acid,  and 

^Tlieee  figures  stand  respectively  as  6  *  63  lbs.  and  8*  SI  Vba.  m  \^  w^  ^  t(f^%\s^ 
^P^ :  the  fignrav  in  this  Table  are  more  correct. 
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chlorine  present ;  the  hardness  of  the  water  was  also  determiDe« 
Tlie  methods  of  analysis  employed  by  Dr.  Frankland  are  di 
scribed  in  the  Appendix  to  the  Report  just  mentioned,  and  all 
in  the  '  Journal  ol  the  Chemical  Society,'  1868,  p.  77. 

The  waters  examined  by  Dr.  Frankland  were  either  fa 
samples  of  individual  rainfalls,  or  represented  the  water  coUectx 
during  some  part  of  a  fall.  The  samples  by  no  means  represe 
all  the  rainfalls  of  a  year,  or  even  of  any  month,  and  the  analji 
are  therefore  insufficient  for  calculating  the  total  amount 
nitrogen  or  chlorine  furnished  by  the  rain  in  the  course  of 
year ;  but  they  illustrate  excellently  the  variations  in  the  coi 
position  of  rain-water  under  various  conditions,  which  indc 
was  a  special  object  of  the  inquiry. 

It  is  obvious  that  the  water  falling  on  a  rain  gauge  must 
apt  to  carry  with  it  into  the  receiver  any  impurity  found  on  t 
surface  of  the  gauge.  Dust  of  various  kinds  is  continnal 
blown  on  to  the  surface  of  the  gauge,  which  is  also  sometimi 
though  rarely,  contaminated  by  the  excrements  of  binls ;  ami 
insects  also  frequently  find  their  way  into  the  collecting  vesse 
With  the  view  of  removing  as  far  as  possible  these  sources 
error,  certain  samples  of  rain  were  collected  for  analysis  after  t 
surface  of  the  gauge  had  been  washed  by  distilled  water ;  otb 
samples  were  collected  during  the  latter  part  of  a  shower,  afi 
the  collecting  surface  had  been  washed  by  the  earlier  rain.  T 
samples  thus  collected  were  for  the  most  part  received  at  on 
into  clean  bottles,  without  first  entering  the  ordinary  receiv 
of  the  gauge.  Twenty-two  samples  of  rain-water  were  in  \ 
collected  with  one  or  other  of  these  precautions.  The  me 
composition  of  these  waters,  and  of  the  waters  in  the  collecti 
of  which  no  such  precautions  were  taken,  is  shown  in  t 
following  Table  : 

Table  X.— Average  Composition  of  Rain- Water  collected  botiifi 
Wahiied  Gauge,  and  Without  special  Precaution,  in  parts  per  Mill 


Total      <^[^° 


From  wanhod  «i:aiige,  ij  gg.Q 
22  8am pies    ..      ..  f : 

Without  8i>ecial  ]>re-l    oq.q 
caution,  47  bamples/, 


0-64 
1-03 


Nitrogen  u 


Organic!    Am-    I  ^"jj*^*      ToUl 
Blatter.  I  monla.    ii({*f^Q^  Nitrogra. 


Chlorine.  Han 


0-16 


0-30 


0-20     0-41 


012t 


0  15J 


0-58 


0-76 


21 


3*6 


*  By  ^*  hardnesH  '  is  iindoratood  the  total  lime  and  magneaia  in 
cxprei^tHi  in  {xirts  of  carbonate  of  calcium, 
f  3fcan  of  1 1  analyses.  X  Moan  of  23  analyaca. 


vifc 
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nrould  appear  from  these  figures  that  the  water  collected 
the  washed  gauge  was  distinctly  purer,  especially  in 
lie  carbon  and  chlorine,  than  the  rain  ordinarily  collected. 
e  figures,  however,  probably  exaggerate  the  effect  produced 
le  natural  impurities  of  the  collecting  surface,  for  the 
rity  of  the  22  samples  being  collected  during  the  middle 
tter  part  of  a  shower,  really  indicate  the  results  obtained 
a  partly  washed  atmosphere  as  well  as  from  a  washed 
;.  The  extent  to  which  the  composition  of  the  rain  is 
ident  on  the  washed  or  unwashed  condition  of  the  atmo- 
e  is  well  illustrated  by  two  of  Dr.  Frankland's  analyses, 
he  11th  of  May,  1870,  rain  being  anticipated,  the  rain 
i  was  washed  with  distilled  water  at  11.30  A.M.  ;  a  coUec- 
3f  rain  was  then  made  at  3  P.M.,  and  a  second  at  4.30  P.M. 
i  two  samples  of  water  were  found  to  contain  per  million 
lows: 


on  at  3  P.M. . . 
4.30  pji. 


Total 

.Soiia 

BlAiler. 

Carbon 

in 
Organic 
Matter. 

Nitrogen  as 

Organic 
Matter. 

Am- 
monia. 

Nitrates 

and 
Nitrites. 

Total 
Nitrogen. 

40-8 
29-4 

0-93 
0-62 

0-18 
019 

107 
0-37 

018 
013 

1-43 
0*69 

Chlorine. 


10 
0-8 


i  second  collection  of  rain-water  is  seen  to  be  far  purer 
the  first,  the  earlier  rain  having  removed  from  the  atmo- 
i  much  of  the  ammonia,  chlorides,  and  organic  dust  which 
dously  contained. 

x>nsidering  the  results  obtained  by  Dr.  Frankland,  it  will 
ivenient  to  look  in  the  first  place  at  the  general  composi- 
*f  the  rain-water,  and  afterwards  at  that  of  the  dew  and 
rost  as  shown  by  his  analyses ;  and  then  at  the  variations 
composition  under  various  circumstances. 
J  of  the  samples  of  water  analysed  by  Dr.  Frankland  are 
led  from  the  mean  given  in  the  following  Table,  and  will 
iluded  from  all  subsequent  discussion.  They  represent  the 
ions  from  January  25  to  31,  and  from  February  9  to  16, 
Hard  frost  occurred  on  both  occasions,  and  hoar-frost 
»w  remained  exposed  for  many  days  on  the  surface  of  the 
,  and  doubtless  became  contaminated  to  an  unusual  extent 
tmospheric  dust,  as  the  resulting  samples  of  water  proved 
npure. 
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Dr.  Angus  Smith  has  shown  form  a  large  ingredient  of  rain- 
water. 

We  turn  now  to  the  analyses  of  dew  and  hoar-frost  The 
samples  examined  were  seven  in  number.  In  the  case  of  some 
of  the  samples  the  collection  extended  over  several  days,  and 
embraced  many  distinct  deposits. 

Table  XII. — The  Maximum,  Minimum,  and  Mean  Amounts  of  certain 
Constituents  in  Seven  Samples  of  Dew  and  Hoae-Fbost,  in  partg 
per  Million. 


T..U1 

Solid  ; 

I  flatter. 


I  Ugliest  j>roi)orti(  »u  '80*0 
Tjowcst  pniportinn ..  2(»*4 
Mean,  7  sjiiiiples    ..      48-7 


Carb(»n 

in 

Organic 

Matter. 


Nitrogen  as 


4-50 
105 
2 -04 


OrKanic 
Matter. 


Ara- 
inonta. 


Nitrates 

and 
Nltrltra. 


1-96 
0-2G 


0-7G 


2-31 

1-07 


1G3 


0-50 
0-28 
0-40* 


Total 
Nitrusen. 


ChloriD«.  Haldol 


4-55 
1-C6 
2-79 


8-0 
3-5 
5-3 


25-0 
13'0 
19-0 


Thes(?  small  deposits,  condensed  from  the  lower  stratam  of 
the   atmosphere,  contain  on  an  average  three  or  four  times  the 
amount  ol'  or<!^anic  carbon,  organic  nitrogen,  ammonia,  and  nitncr 
acid,  found  in  the  analyses  of  rain-water.     The  total  quantity  o» 
solid  matter,  and  the  amount  of  chlorides,  is  also  larger,  but  th^ 
difference  is  much  smaller  than  in  the  case  of  the  other  ingre-^ 
clients.     The  mean  proportion  of  organic  nitrogen  to  carboC^ 
is  1  :  3*5. 

We   must  now  consider  briefly  the  variations  in  the  com— ' 
position  of  the  Rothamsted  rain-waters  displayed  in  Dr.  Frank  — 


land's  analyses.  The  extent  of  variation  in  69  samples  h 
In^en  already  given  in  Table  XI.  A  glance  at  this  Table  will  »-^ 
on(!e  show  that  the  amount  of  variation  is  enormous;  and  th^ 
range  of  dilference  becomes  still  larger  if  we  include  in  th^ 
same  view  the  small  deposits  of  dew  and  hoar-frost. 

As   the    composition  of  rain-water  greatly   depends   on  th.^ 
quantity   of   the  fall,  we   shall  in   the    first    place    classify  tt^ 
analyses  according  to  the  quantity  of  rain  which  they  represent 
and  next  according  to  the  season  of  the  year  in  which  they  fd'- 
Only  fifty-four  of  the  samples  analysed  by  Dr.  Frankland  faidj 
represented  a  known  quantity  of  rainfall,  but  in  the  case  of  fotW 
other  samples  the  bulk   of  the  sample  bore  such  a  high  pro- 
portion to  the  bulk  of  the  rainfall  that  it  may  be  accepted  ai » 


*  Mean  of  4  anal  y see. 
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rably  fair  representation  of  the  whole  fall.  From  the  whole 
iber  two  analyses  are  omitted  for  reasons  already  given; 
e  remain  therefore  fifty-six  available  for  discussion. 
1  the  upper  division  of  Table  XIII.  the  whole  of  the  analyses 
"ain-water  are  arranged  according  to  the  quantity  of  the  fall 
ch  they  represent.  It  is  evident  on  considering  this  division 
;  the  proportion  of  each  constituent  tends  to  diminish  as  the 
>unt  of  rainfall  increases,  the  decrease  being  most  rapid  in 
case  of  the  chlorides,  and  least  marked  in  the  case  of  the 
ainic  elements.  The  quantity  of  nitrogen  as  nitrates  and 
ites  is  frequently  the  mean  of  so  few  analyses  that  the  figures 
necessarily  irregular. 

tLB  XIIL — The  Composition  of  Bain-Watsb  in  relation  to  the 
Amount  of  Eainfall  and  Season  of  the  Ybab. 


QuaUtjofRaiDraU. 


Total 

Solid 

Matter. 


Carbon 

in 
Organic 
Matter. 


Nitrogen  aa 


Organic 
Maiter. 


Am- 
monia. 


Nitrates 
and  Ni- 
trites.* 


Total 

Nitro- 

gen. 


Chlorine. 


In  the  Whole  Ybab. 


m  '10  inch  ..     .. 

22 

38-2 

0-95 

0-21 

0-46 

0-12 

0-79 

42  • 

m -10 to '20 inch.. 

20 

86-9 

1-J9 

0-23 

0-44 

017 

0-84 

3-5 

m '20 to -40 inch.. 

7 

34-9 

0-74 

014 

0-23 

0-11 

0-48 

1-8 

Q*50to*90inch.. 

7 

21-5 

0-71 

012 

0-26 

0-18 

0-56 

1-5 

In  the  SuMHEB  Months,  April  to  Sbftembeb. 


w  -10  inch  .. 

10 

42-2 

1-10 

017 

0-48 

017 

0-82 

8-2 

4 -10  to -20  inch.. 

14 

41-9 

118 

018 

0-43 

0-18 

0-79 

3-6 

i  '2010 -40 inch  .. 

4 

42-6 

101 

015 

0-25 

0-12 

0-52 

2-3 

1  -50to-90inch  .. 

4 

26-3 

0-97 

Oil 

0-35 

0-38 

0-84 

1-9 

In  the  WiNTEB  Months,  Octobbb  to  Maboh. 


w  -10  inch  .. 

12 

350 

0-83 

0-25 

0-44 

010 

0-79 

50 

n*  10 to -20 inch.. 

6 

25- 1 

1-22 

0-33 

0-48 

016 

0-97 

3'8 

11*20 to -40 inch.. 

3 

24-6 

0-39 

013 

0-20 

0-09 

0-42 

1-2 

m -50 to -90 inch.. 

3 

151 

0-37 

014 

014 

0  08 

0-36 

0-9 

The  figores  for  the  nitrogen  present  as  nitrates  and  nitrites  ore  the  means  of 
vminations  made  in  the  following  samples :— 

dow  *10  inch Summer,  2;  Winter,  8;  Whole  Year,  10  samples. 

lom -10  to -20  inch      ..        „         7         „       6       „         „      13 
ram -20  to -40  inch  „         1         >.       1        »         »        2 

rom  *50to'90inch  ,,         1         ,,2        ,,         „        3 


»t 


M 
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Since  the  (juantity  of  the  fall  exercises  snob  a  prepondenting 
influence  on  the  composition  of  the  rain- water,  it  is  clear  tbx 
in    tracing  out   other   conditions  affecting  the    composition  of 
the  water    we    should    only  compare  together   analyses  wbirh 
represent  rainfalls  of  similar  amount^  a  truth  which,  though  self- 
evident,  has  been  very  much  overlooked  in  discussions  of  this 
nature. 

In  the  second  and  third  divisions  of  the  Table  the  analyses 
arc  still  arranged  according  to  the  quantity  of  the  fall,  but  the> 
are  now  divided  so  as  to  show  the  differences  between  the^ai«^ 
of  summer  and  winter.  The  series  of  analyses  we  are  now  dis- 
cussing is  by  no  means  favourable  for  the  exhibition  of  differ- 
ences of  composition  due  to  season,  very  few  of  the  sample^ 
having  been  collected  either  in  the  height  of  summer  or  th.* 
depth  of  winter.  Thus  out  of  the  fifty -six  samples  there  is  in**' 
one  collected  in  August,  and  but  one  in  July;  there  is  but  oa^ 
in  December,  and  there  are  only  two  each  in  November  aiK^ 
January.  The  most  abundant  collections  were  in  May,  April 
and  September,  among  the  summer  months,  and  in  FebruarV' 
Mardi,  and  October,  among  the  winter  months. 

Notwithstanding,  however,  the  small  number,  and  partis- 
distribution  of  the  samples  (available  for  discussion,  the  resnl 
of  their  classification  into  summer  and  winter  periods  is  gentf 
rally  consistent  and  full  of  interest.  In  every  case  the  amours 
of  total  solid  matter  dissolved  in  the  rain-water  is  considerably 
greater  in  summer  th.in  in  winter.  In  a  majority  of  cases  tl» 
ammonia  is  greater  in  summer  than  in  winter.  The  nitrE 
acid  is  also  in  every  case  greatest  in  summer-time,  though  tlx. 
figures  are  very  irregular,  owing  to  the  small  number  of  analyst 
at  command.  The  general  distribution  of  ammonia  and  nitrX 
aeid  is  thus  the  same  as  that  shown  in  the  earlier  analyses  ^ 
Rothamsted  rain-water. 

The  most  striking  difference  in  the  two  seasons  occurs  in  tks 
organic  matter.  The  total  organic  matter  is  in  a  majority  ^ 
cas(*s  greater  in  summer  than  in  winter ;  its  composition,  hoi^ 
ever,  is  cjuite  distinct.  In  summer  the  carbon  is  generalB 
greater  than  in  winter,  while  the  nitrogen  in  summer  is  le^ 
than  in  winter.  The  proportion  of  nitrogen  to  carbon  is  thus 
very  different  at  the  two  seasons  of  the  year,  as  will  ^pp^^ 
more  clearly  from  the  Table  on  the  opposite  page. 

The  simplest  explanation  of  these  facts  seems  to  be  that  ws 
suiriiiuT-time  the  organic  matter  in  rain-water  contains  a  larg^ 
proportion  of  fresh  vegetable  matter  than  in  winter;  in  tfc= 
latter  season  the  organic  impurity  must  consist  chiefly  "^ 
piodui  Is  of  decay. 
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Tails  XIY. — Averagb  pbopobtion  of  Organio  Nitbooin  to  Cabbom 
in  Bainfalls  of  different  Amount,  and  collected  at  different 
SxAsoNS  of  the  Yeab. 


QnantltjofRainfkU. 


Summer. 


Winter. 


Below  'lOinoh 

Between  '10  and  *20  inch 
Between  *20  and  *40  inch 
Between  '50  and  *90  inch 


1:6-4 
1  :6-5 
1:6-8 
1  :8-8 


1 :  3-4 
1  :3-7 
1  :2-9 
1:2-7 


Whole  Year. 


1  :4-5 
1:5-3 
1  :5-3 
1  :5-8 


'X'he  arrangement  of  the  few  analyses  of  dew  and  hoar-frost* 
in    summer  and  winter  groups  shows,  as  in  the  case  of  rain,  a 
preponderance  of  total   solid   matter,  of  organic  matter,  and 
of  asa^mmonia,  in  the  summer  months^  but  the  series  is  too  small 
for    ^detailed  discussion. 

I3r.  Frankland  has  paid  considerable  attention  in  his  Report 

to     ^he  influence  of  yarious  winds  on  the  composition  of  the 

rai.Ka-water  collected  at  Rothamsted.     The  question  obviously 

presents  considerable  difficulty.     To  compare  under  equal  con- 

dit;xons  the  rain  produced  by  different  winds,  we  must  clearly 

01^3^  compare  rains  of  similar  quantity,  and  falling  in  a  similar 

KCi^u)n  of  the  year.     This  can  hardly  be  done  to  any  practical 

cedent  with  the  small  series  of  analyses  now  before  us.     The 

cl^ief  points  insisted  on  by  Dr.  Frankland,  namely,  that  the 

south-east  wind   produces  rain  richest  in   ammonia,   and   the 

noi-tii-east  wind  rain  richest  in  chlorine,  are  probably  correct. 

Lc^ndon  lies  to   the  south-east  of  the  rain-gauge;    the  south- 

cA^t  wind,  which  is  naturally  rich  in  ammonia,  may  probably 

derive  some   addition  to   its   contents   from  this  source.      To 

the  north-east  of  the  gauge  lies  the  nearest  wide  expanse  of 

®*^an — the  North  Sea ;  it  is  easy  therefore  to  understand  that 

winds  from  this  direction  should  supply  the  largest  proportion 

of  chlorides. 

Ilie  last  investigation  on  the  Rothamsted  rain-waters  which 

^«  have  to  mention  is  one  now  in  progress  respecting  the  quan- 

^^y  of  chlorides  present  in  the  annual  rainfall.     This  investiga- 

^^11  commenced  in  June  1877,  and  has  been  continued  down  to 

^^  present  time.     A  proportion  of  each  day's  rain,  at  the  rate 

I  One  gallon  for  every  inch  of  rainfall,  has  been  set  aside  in  a 

^****  carboy  provided  for  the  purpose.      At  the  end  of  each 

.  ^*ith  the  contents  of  the  carboy  are  well  mixed,  and  a  sample 

**  J^Jt®**  for  analysis. 

-I^lie  chlorine  has  been  determined  by  the  volumetric  method 
^^ploycd  by  Dr.  Frankland.     The  amount  of  cVvloxvtve  Yt^wx^ 
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being   often    extremely  small,  and   the  results  obtained  when 
working  on  the  unconcentrated  water  depending  greatly  on  the 
conditions  of  the  experiment,  the    greater  part  of  the  deter- 
minations has  been  made  on  water  concentrated  in  a  glass  basin. 
One  litre  of  rain-water,  with  10  cubic  centimetres  of  lime-water 
(since  May  1880,  5  cubic  centimetres  have  been  employed),  hare 
been  evaporated  over  a  gas  burner  to  rather  less  than  one-quarteT 
litre,  then  filtered,  and  the  clear  liquid  diluted  with  distilleci 
water  till  exactly  one-quarter  of  a  litre  in  volume ;  in  this  sola— 
tion  chlorine  has  then  been  determined  by  the  method  alreadjr 
mentioned.     This  mode  of  working  gave  much  sharper  resulta- 
We  have,  however,  (juite  recently  found  that  the  chlorine  deter- 
mined on  this  plan  is  somewhat  below  the  true  amount.     W^ 
have,  therefore,  latterly  concentrated  two  or  three  litres  of  th^ 
rain  with  a  little  lime-water  to  a  small  bulk,  filtered,  precipitated 
with  nitrate  of  silver,  and  collected  and  weighed  the  precipitatc?- 
l^i":ht  inonthlv  determinations  of  chlorine  in  rain-water  mad^ 
by  tliis  gravimetric  method  have  given  a  mean  of  2*89  parts  o* 
chlorine  per  million,  while  the  results  of  the  volumetric  methad 
for  the  same  months   show  a    mean    of  2*73   of  chlorine  pe^ 
million. 

In  the  following  Table  (XV.)  will  be  found  the  monthly 
determinations  of  chlorine  made  by  the  volumetric  methocl- 
The  results,  though  a  little  below  the  truth,  are  at  least  conn-" 
parable  amongst  themselves,  and  exhibit  some  interesting^ 
features. 

Tlie  range  in  the  amount  of  chlorides  shown  by  thes^ 
analyses  is  very  considerable.  Thus  the  rain  of  July  IbSO 
contained,  by  the  method  of  analysis  here  employed,  only  0*1 0 
part  of  chlorine  per  million  of  water,  while  the  rain  and  sna"^^ 
of  November  1^7^  contained  9*38  parts  of  chlorine.  The  latt^*" 
figure  is,  however,  quite  exceptional,  and  suggests  a  possible 
contamination  of  tlie  water.  The  second  highest  amouO* 
reached  in  the  forty-three  months  is  much  lower,  namely,  5*S^ 
parts  of  chlorine.  The  average  proportion  of  chlorine  in  tl»^ 
rain-water  during  the  whole  period  is  1*75  per  million.  Tl»^ 
(quantity  of  chlorine  brought  by  the  rain  on  to  an  acre  of  lai»^ 
in  the  course  of  a  year  (average  of  3^  years)  is  13*42  lbs.,  for  • 
rainfall  of  34038  inches,  equal  to  22*12  lbs.  of  pure  commo** 
salt.  All  these  figures,  as  already  mentioned,  are  somewb^^ 
below  the  truth. 

With  the  view  of  tlirowing  light  on  the  cause  of  variation  x** 
tlie  proportion  of  chlorides,  we  proceed  as  before  to  classify  tb* 
analyses  acirording  to  the  amount  of  rainfall,  and  according  ^ 
the  season  of  the  vear. 
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parts  of  the  continent  of  Europe.  The  results  of  tweoty-ttu 
determinations,  eanh  exleniling  over  a  whole  year,  »nil  miule  tt 
nine  diScrent  stations,  will  be  found  in  Table  XVIIL 


Tabi-b  XVin. — Dkterminatiomb  of  the  Qcabtitt  of  NrTRoooi  rap- 
plied  by  Kaik,  as  Ammonia  and  Nitbio  Aoid,  to  an  Acii  °( 
LaijI),  during  One  Ybau. 


lUfuKOl. 

NitMEcnperSlllUan.  41 

TM 

A=,..au. 

SlulcAdd. 

par  Am 

KuMhoD,  18C4-5 

„        1865-6 

InHlerburg,  186i-5      

i8e5-«    

Dalime,  1865        

ItofouwiUdo,  18G4-5 

1865^ 

1866-7  

yeare,  1865-70 f 

ProBknu,  1864-5 

Plowni*,  1870     

n         1871      

„        1872     

VnUombroBs,  1872      

1878-9..      .. 
1879-80       .. 

11-85 

17-70 
27-55 
23-71) 
17 -OU 
23-48 
19-31 
25-37 
22-63 
17-81 
36-S5 
42-48 
50-82 
79-83 
23-62 
25 -79 
IB -70 

0-W 

0-44 

0  55 
0-76 

i-4a 

2-03 
8-28 

3-21 
1-17 

0-81 
0-82 
0-42 
1-91 

1  20 

oie 

01(i 
O-M 
0-49 
0-80 
0-80 
0-4S 
0-50 

.. 
1-73 
0-44 
0-22 
0-26 
0*15 
0-24 
0-70 

1-eo 

11* 

tx 

5-<il 

e-n 

8-8B 

la-ta 
ie-« 

B-SD 

»-ai 
is-« 

99 

IISI 

IO-t» 
11  M 

11 -16 
10-53 

Mean  af  22  jears     ..      .. 

27'03 

10-H 

The  large  amount  of  nitric  acid  found  in  mnay  of  these  rain- 
waters is  remarkable.  It  would  appear  also,  from  the  result*  *' 
Regenwahie  and  Montsouris,  that  the  quantity  of  nitric  acid  ni»J 
vary  extremely  from  year  to  year  in  the  same  place.  Are  »•* 
to  assume  that  the  large  quantities  of  nitric  acid  itidicated  h>^' 
been  prmluced  by  the  union  of  atmospheric  nitrogen  and  oxyg*** 
under  electrical  influences,  or  chiefly  through  the  oiidatioa  of  ll** 
ammonia  of  the  air  by  means  of  ozone  or  peroxide  of  hydrogen' 
The  latter  alternative  seems  the  most  probable. 

It  is  seen  that  the  numerous  widely  varying  detcrminatioO* 
some  made  in  the  vicinity  of  towns,  give  a  mean  of  10-23  lb* 
of  combined  nitrogen  annually  supplied  per  acre  by  rain,  with  ' 
mean  rainfall  of  27-03  inches.  The  two  years'  determtnatioi*' 
(1855-6)  of  both  ammonia  and  nitric  acid  in  the  rain  at  KotbaiO 
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aye,  as  has  been  seen,  6*58  lbs.  and  8*00  lbs.  of  combined 
:en  as  the  annual  supply  per  acre  from  the  same  source.* 
king  all  allowance  for  far  inland  open  country  positions 
e  one  hand,  and  for  proximity  to  towns  on  the  other,  the 
imajl  amounts  of  combined  nitrogen  so  supplied  per  acre 
ne  of  the  cases  recorded  in  the  Table,  and  the  compara- 
large  quantities  in  others,  seem  difficult  to  explain,  or 
M)ncile  with  one  another.  Nor  do  the  results  become 
intelligible  when  considered  in  relation  to  those  discussed 
e  foregoing  pages,  and  to  the  comparatively  limited  and 
rm  amounts  recorded  for  Montsouris,  within  the  walls  of 
As  to  the  higher  amounts,  it  is  true  that  Liebig,  in  his 
r  writings,  assumed  the  probability  of  a  very  much  larger 
ity  of  ammonia  coming  down  in  rain  than  any  indicated 
f  above  Table,  or  than  he  did  subsequently ;  and  even  in 
lOre  recent  work,  *  The  Natural  Laws  of  Husbandry,'  pub- 
[  in  1863,  he  supposes  that  as  much  as  24  lbs.  of  nitrogen 
xe  may  be  annually  available  to  vegetation  from  that  source. 
1  be  observed,  however,  that  neither  do  the  early  results  for 
pen  country  obtained  by  Boussingault,  nor  do  those  ob- 
l  at  Rothamsted,  indicate  more  than  about  one-third  of  this 
at ;  and  the  more  recent  determinations  in  the  Rothamsted 
raters  point  to  less  rather  than  more  than  the  earlier  ones. 

II.  The  Amount  and  Composition  of  the  Drainage- 
Vaters  from  Land  unmanured  and  uncropped. 

iny  inquiry  respecting  the  influence  of  drainage  in  practical 
ilture,  It  is  clearly  of  primary  importance  to  ascertain  what 
rtion  of  the  rainfall  passes  in  each  season  through  known 
s  of  soil ;  we  shall  therefore  in  the  first  place  describe  the 
iments  relating  to  this  part  of  the  subject, 
e  amount  of  drainage-water  passing  through  any  soil 
ids — 1.  On  the  amount  of  the  rainfall.  2.  On  the 
cal  condition  of  the  soil,  its  permeability,  and  water-hold- 
K>wer.  3.  On  the  amount  of  evaporation  taking  place, 
i  latter  is  determined  by  the  temperature  of  the  soil  and  air, 
y  the  capillary  power  of  the  soil,  and  is  greatly  increased 
a  crop  is  growing  on  the  surface. 

e  experiments  we  are  about  to  describe  were  made  to 
tain  the  amount  of  natural  drainage  through  the  Rothamsted 
irhen  kept  bare  of  vegetation ;  the  effect  of  a  crop  is  thus 


he  recent  determinations  of  ammonia  in  the  Rothamsted  rain  (aee  Note,  p.  19) 
point  to  a  atill  smaller  amount  of  total  combined  nitrogen  suppiied  per 
Q  the  average  annual  rainfall,  probably  not  more  thaw  1-5  \V», 
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for  the  prese^nt  cxcludtxj.  The  clratRngc- waters  obtainfd  li>i>' 
been  analysed  ;  their  cnrnposition  will  be  Ibuad  to  illuitnir 
in  &  striking  manner  the  loss  of  plant  food  which  an  unanpp"! 
soil  may  suffer  from  the  percolation  of  rain-water. 

1.  The  Drain-Gauges. 

The  drain-gauges  which  have  been  constructed  are  thne  i>i 
number;  they  consist  of  rectangular  plots  of  toil,  each  li  ini 
by  7  feet  3  inches,  having  thus  the  same  surface  as  that  of  ilif 
large  rain-gauge,  namely  1-lOOOth  of  an  acre.  The  depth  of  l!i' 
soil  varies.  In  tho  first  gauge  the  depth  is  20  inches;  in  thr 
second  it  is  40  inches;  and  in  the  third  tiO  inches. 

In  order  to  obtain  a  natural  drainage,  it  was  of  primtTT 
importance  that  the  soil  should  be  in  a  perfectly  natural  conditii™ 
of  consolidation,  neither  more  porous  nor  more  coDdeBwd  tliwi 
the  ordinary  field  soil.  To  accomjillsh  this  object  a  deep  tttnch 
was  dug  along  the  front  uf  each  intended  gau^ ;  the  nui 
of  soil  was  then  gradually  undermined  at  the  depth  pre*ioa»lt 
determined,  and  plates  of  cast-iron,  8  inches  wid<;  and  yexionieA 
with  holes,  were  introduced  to  support  the  soil  as  the  woHi 
proceeded.  This  perforated  iron  bottom  was  finally  stntngthniril 
\>y  transverse  iron  i^irders,  and  the  ends  of  the  plates  and  prdii 
supported  by  brickwork  on  three  sides  uf  the  inti'Ddeil  ffiass- 
The  soil  being  now  supported  from  beneath,  trcnchcft  weiv  nuul^^ 
one  by  one  on  the  three  remaining  sides  of  the  block  of  li^l" 
be  isolated  ;  walls  of  brick,  laid  in  cement,  4|^  inches  thick,  ir<^ 
built  against  the  soil,  and  the  trenches  were  again  filled  in  w>t'' 
earth.  The  mass  of  soil  was  in  this  manner  built  in  on  »" 
sides  with  brick  and  cement.  The  surrounding  wall*  *"!■ 
carried  3  inches  above  the  level  of  the  soil,  the  edges  at  llw 
top  being  made  to  slope  outwards.  A  sketch  of  the  three  dnin" 
gauges  will  be  found  in  Fig.  2,  which  also  shows  the  pcMitin" 
of  the  large  and  small  rain-gauges. 

At  about  1  foot  ti  inches  below  the  perforate*!  Iron  bottmn  " 
(i^ied  a  large  ^inc  funnel,  of  the  same  area  as  the  Koil  al|riv«  <'' 
the  drain  age- water  from  the  soil  falls  on  to  this  funnel,  anii  i' 
received  in  suitable  vessels  placed  beneath.  During  the  ^^ 
three  years  the  water  was  collected  in  glass  carboys,  anil  i" 
quantity  determined  by  weight;  but  since  December,  18'iV 
galvanised- iron  cylinders,  fitted  with  external  gauge  tubes,  b^*'' 
been  employed  for  receiving  and  measuring  the  water ;  tbcv 
cylinders  are  quite  similar  to  those  used  for  the  large  rain-givf' 

The  drain-gauges  just  described  were  constructed  in  B""' 
field;  and  the  new  large  rain-gauge  was  aflerwania  conrtnici^ 
in  their  immediate  neighbourhood.     The  soil   ai   Rpihwi'*'"' 
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sU  generally  of  a  somewhat  heavy  loam,  with  a  subsoil  of 
both  mixed  with  flints,  and  lyin^on  chalk,  which,  however, 
in  comes  very  near  the  surface.  In  the  present  case  the 
rated  soil  of  the  field  was  about  8  inches  in  depth  ;  this  was 
leded  by  about  10  inches  of  friable  clay,  followed  by  a  subsoil 
ther  stifl*  clay.  The  whole  of  the  experimental  soil  was 
e  the  chalk.  The  land  had  previously  been  under  the 
lary  arable  culture  of  the  farm. 

Fig.  2. — Vieio  o/llie  BatTt-  and  Drain-ganget, 


i  gauges  were  constructed  in  the  summer  of  1870 ;  since 
1  few  alterations  have  been  made.  In  November  and 
iber  1 874,  leakage  from  the  outside  being  feared,  the  sides 
gauges  were  bared,  the  old  walls  coated  with  cement,  and 
[ickened  by  an  additional  half-brick..     Agn.\i»,\'(\^^vo,v«^ 
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1879,  the  drainage  from  the  20-inch  guugc  appearing  very 
excessive,  one  of  the  walls  was  bared  in  which  a  leak  wassos- 
pected,  and  its  external  surface  coated  with  cement. 

2.   The  Measured  Drainage^  and  the  Evaporation. 

The  amount  of  tlie  monthly  drainage  through  each  of  the 
tliree  gaujjcs,  from  September  1870  to  the  end  of  1880,  is  showa 
in  Table  XIX.* 

The  monthly  drainages  recorded  in  Table  XIX.  are  in  a  few 
cases  not  those  actually  recorded,  but  a  corrected  iigure.    For 
instance,    the    recorded    drainage    from  the  20-inch   gauge  in 
February    1871)  was   5' 734  inches:    this   amount   was  greatly 
abov(?  that  of  the  other  gauges,  and  there  being  some  cvidcDce 
of  leakage  from  the  outside,  the  record  has  been  rejectetl,  and  the 
amount  j)assing   through  the  40-inch  gauge  substituted  in  its 
place.     Again,  in  the  tremendous  rainfall  of  August  2-3, 18Ii*i 
some  of  th(?  receivers   overflowed,  and  one  was  floated  and  (lis- 
connectc^l  by  tlu*  rise  of  water  in  the  chamber  under  the  gau|r«. 
In   this  instance,  and  in   some   others  of  a  somewhat  similar 
kind,  an  estimatixl  drainage  deduced  from  a  consideration  of  the 
amount  of  rainfall,  and  other  facts  of  the  case,  has  been  adopteil 
in  j)lace  of  the?  observ(;d  drainage,  which  was  obviously  incorrect- 
A  not  her  source  of  error  has  arisc^n  from  unequal  drifts  of  sno^ 
on  the  surface  of  the  three  gauges.     Thus,  in  April  1878,  tU^ 
recorded  <lrainag(^  through  the  20-,  40-,  and  GO-inch  gauges  wa* 
respectiv(;ly  2-2'W,  2*822,  and  3'4r)7  inches;  but  as  the  receivers 
of  the    20-inch  gauge   ran  over  slightly,  while  a  small  sno^'* 
drift  had  occurred  on  the  surface  of  the  40-inch  gauge,  and  * 
heavy  one  on  th(»  surface  of  the  GO-inch  gauge,  the  figures  i^^ 
the  month  have  hveu  corrected  ;  the  record  of  the  20-inch  gau^^» 
where  th(T(j  was  no  drift,  being  adopted  for  the  other  gauges  i*^^ 
those  days  of  tlu;  month  during  which  the  thawing  of  the  snc>^ 
occurred,    l^hc^  records  thus  altered  appear  in  the  Table  as  2'34^» 
2*r)2'l,  and  2*428  inches  respectively.     In  all  cases  in  which  V 
correcti(m  has  been  sufficiently  large  to  become  important,  t 
figure  in  the  Table  will  be  found  enclosetl  in  a  bracket. 

In  a  few  cases,  as  in  November  1870,  February  1879, 
Jaimary  1880,  the  monthly  drainage  from  some  of  the  _ 
has  exceeded  the  monthly  rainfall.      Generally  this  has  be*^*'^ 
more  or  less  due  to  rain,  or  especially  snow,  falling  at  the  e*** 
of  one    month    and    appearing  as  drainage    in   the    next.         ^* 

*  A  .-uinimiry   <»f   tin.-    uBults    for  tho  first  five   har\'e&t-yearB  (Sept  1        \. 
Aui:.  SI  inrlusivi )  was  jriv^m  nt  a  meeting  of  tlio  Institution  of  Civil  Engiw*;^ 
l'M».  iil»,  l>7t;.  jiiul  i«  pulilisluMl,  Willi  n  few  commonta,  in  the  ^MiuuttfM  of 
«'i;«slini;s*  of  tlu'  Institution,  vol.  xlv.,  jmrt  iii. 


On  the  Bain  and  Drainage  "Waters  at  Rotkamsted.        33 

occasionally  happens  also  in  severe  winters  that  a  considerable 
Amount  of  frozen  water  is  retained  in  the  upper  layer  of  the  soil 
for  some  time,  and  appears  as  drainage  only  when  a  complete 
thanv   takes   place.     There  is,    however,  another   possible   ex- 
planation of  excessive  drainage  in  relation  to  rainfall,  namely, 
^fae    condensation  of  water  by  the  soil  directly  from  the  atmo- 
•pbere.     That  such  condensation  must  take  place  whenever  the 
temperature  of  the  soil  is  below  the  dew-point  of  the  atmosphere 
w  Q  ^1^  plain.*     During  a  clear  frosty  night  both  rain-gauge  and 
*>l1     will  condense  water  from   the  atmosphere,  and  the  soil, 
pc^^haps,  somewhat  the  more.     It  seems,  however,  very  probable 
tba.t:  after  a  long-continued  frost,  followed  by  mild  weather,  the 
90x\   may  continue  for  some  time  to  condense  from  the  air  very 
*PI>reciable  quantities  of  water  of  which  the  rain-gauge  will  give 
no    account     There  is  some  evidence,  which  will  be  mentioned 
by--«wid-by,  that  such  a  condensation  of  water  took  place  in  the 
■oi-l^of  the  drain-gauges  during  the  severe  winters  of  1878—9  and 
187S-80.     The  total  amount  of  water  obtained  by  the  soil  from 
*^^     atmosphere  without  the  records  of  the   rain-gauge  being 
**fecjted,  is  probably,  however,  save  in  exceptional  seasons,  not 
<500siderable.     We  shall  have  some  evidence  further  on  that  the 
^^vidensation  by  soil  during  the  winter  months  is  at  all  events  no 
^r^aiter  than  the  condensation  by  a  water-surface. 

Before  discussing  the  results  obtained  in  the  drainage  ex- 

P^i^iments,  it  will  be  well  to  consider  briefly  what  takes  place 

vhen  rain  falls  upon  a  soil.     It  would  be  a  mistake  to  regard 

&i^    ordinary  soil  as  a  uniform  porous  mass,  which  simply  be- 

^^ines  saturated  with  water,  and  then  parts  with  its  surplus 

by    drainage ;  soil  is,  in  fact,  penetrated  by  innumerable  small 

ckiatnnels,  and  through  these  more  or  less  of  the  drainage  always 

takes  place.     Some  of  these  channels  consist  of  surface-cracks, 

wbich,  becoming  partly  filled  with  sand  and  small  stones,  remain 

pa.rtially  open    after   dry    weather   has   ceased.      The    deeper 

cVxa.iuiels  are,  however,  "not  of  this  character,  but  are  produced 

by  the  roots  of  plants,  or  to  a  still  greater  extent  by  the  burrowing 

of  vrorms.     The  soil  drain-gauges  we  are  now  concerned  with 

have  furnished  illustrations  of  both  these  actions.     During  the 

"^gr^ng  of    the   trenches  round  the  gauges,  barley-roots  were 

obscrvai  penetrating  the  soil  to  a  depth  of  50  or  60  inches. 

'^hen  such  roots  decay,  a  small  open  channel  is  left  through 

^hich  drainage  can  take  place.     The  burrowing  of  worms  in 

*he  Soil  of  the  drain-gauges  has  proved  a  source  of  trouble  in  the 

^llection  of  pure  drainage-waters.    Worms  have  not  unfrequently 

|L     A.  soil  baked  by  a  sammer  sun  may  re-absorb  a  certain  amount  of  water  from 
f^*?  ^1^  during  the  night  without  its  temperature  falling  below  Uiat  of  the  air : 
^^  water  thus  absorbed  is  hygroscopic  and  will  not  u\)pear  «a  dtv)Aw^<&. 
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appeared  on  tho  collecting  funnel  of  the  20-inch  gauge,  having 
come  through  tlie  soil  above  ;  and  what  appear  to  be  worm- 
casts,  dropped  from  the  holes  of  the  perforated  iron  plates,  are 
of  still  more  frequent  occurrence.  Worms  have  also  appoareu^ 
though  much  more  rand j,  on  the  collecting  funnels  of  the  4*^ 
and  ()0-inch  gauges.  The  holes  made  by  worms  thus  descend 
to  a  conside^rable  d(»pth,  and  if  sufficiently  numerous,  must  have 
an  important  influence  on  drainage. 

The  drainage-water  from  a  soil  may  thus  be  of  two  kinds:  it. 
may  consist  (1)  of  rain-water  which  has  passetl,  with  but  httl«? 
alteration  in  composition,  down  the  optm  channels  of  the  soil  9 
or  (2)  of  the  water  discharged  from  the   pores  of  a  saturatetl 
soil.     This  latter  water,  the  true  drainage  of  the  soil,  will  itseli 
escape  to  a  greater  or  less  extent  through  the  channels  already 
mentioned,     l^lic  rcspcitive  proportions  of   direct  and  penmil 
drainage  will  vary  mu(rh  in  (liffercnt  soils,  and  under  different 
circumstances.      In  a  light  soil,  of  naturally  free  drainage,  chan- 
nels can  play  but  an  insignificant  part,  the  rain  being  at  onc^ 
absorbed    by  the  main  body  of  the  soil,  and  freely  dischargetl 
again   from   its   j)ores  when  saturated.      In  heavy  soils,  on  th^ 
other  hand,  both  the  absorption  and  the  discharge  of  water  caC» 
take  place  but  slowly,  and  the  part  which  natural  channels  plaV 
in  Ireeintj   the  soil  of  water  is  more  considerable.      In  a  heav>' 
soil  <lirect  channel-drainage  will  in  most  cases  precede  genera.* 
drainage,  a  portion  of  the  water  escaping  by  the  open  channels 
before  th(»  body  of  the  soil    has    become    saturated;    this  wil» 
es])ecially  be  the  case  if  the  rain  fall  rapidly,  and  water  accumii.— 
lat(»s  on  the  surface.      When  the  soil  is  saturated,  general  drainage 
will   b(»come  active.     After    rain   has    cease<l,   and    the  surfar 
is  free  from  standing  water,  the  drainage  which  occurs  will  b 
entirely  due  to   the  "feneral  discharge  from  the  saturated  soil- 
The  two  kinds  of  drainage-water  here  mentioned  differ  muct* 
in  conipositi<jn,  the  direct  channel-drainage  containing  a  muct» 
smaller  proportion  of   soluble   salts   than  is  found  in  the  tn*^* 
discharge  from   the   soil.     This  difference   in   composition  hr*-* 
been  very  frequently  exemplified  in  the  analyses  of  the  Rothair*-' 
sted  drainage-waters,  and  has  enabled  us  to  trace  the  distinctit^*^ 
between  these  two  classes  of  drainage-water. 

When  rain  has  ceased,  and  a  period  of  dry  weather  occur** 
water  will   begin  to  evaporate  from  the  surface  of  the  soil;  tU^ 
water  in  the  subsoil  will  be  gradually  drawn  up  by  capillary 
attraction  as  the  surface  dries,  and  be  itself  in  turn  cvaporated- 
The  depth  to  which  the  subsoil  will  be  dried  by  this  loss  of 
water    through    capillary    attraction    will    depend    on    the  me- 
chanical  texture  of  the  soil;  the  depth  will  be  greater  in  tb<? 
case  of  a  loam  or  clay  than  in  the  case  of  a  soil  of  more  open 
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"e,  the  height  to  which  water  can  be  raised  by  capillary 
tion  being  in  proportion  to  the  fineness  of  the  spaces 
^h  which  it  passes. 

IS  obvious  that  in  the  case  of  a  soil  like  that  at  Rotham- 
having  a  subsoil  of  clay  not  many  feet  in  depth,  resting 
chalk  tending  constantly  to  drain  it,  the  conditions  affect- 
;he  discharge  of  water  from  the  land  within  a  limited 
i  from  the  surface  will  be  in  the  main  very  different  from 

occurring  in  a  soil  having  a  considerable  depth  of  re- 
re  clay.  In  the  former  case,  the  discharge  within,  or  not 
3low,  the  usual  limits  of  artificial  drainage,  will  in  a  much 
er  degree  depend  on  the  direct  downward  passage  of  water, 
much  less  on  the  raising  of  the  point  of  saturation  from 
7»  It  is  further  obvious  that  in  a  soil  so  naturally  drained, 
reater  the  amount  of  rainfall  in  a  given  season,  the  greater 
be  the  depth  to  which  a  given  amount  of  water  will  pass, 
i  in  a  season  of  smaller  rainfall  the  depth  of  penetration  will 
88.  We  should  expect,  therefore,  that  in  a  dry  season  the 
Jation  would  be  greater  through  20  than  through  40,  and 
er  through  40  than  through  60  inches  of  soil.  In  a  wet  season, 
le  other  hand,  the  amount  of  percolation  would  be  relatively 
ased  at  the  lower  depths,  and  would  tend  towards  equality. 

would  be  the  case  if  no  interfering  circumstances  were 
rted  into  the  question  by  the  fact  of  absolutely  cutting  off 
)locks  of  soil  at  different  depths,  thereby  preventing  the 
bility  of  capillary  attraction  acting  and  water  returning 
irds  from  below  the  point  at  which  the  cutting  off  had 
I  place.  Another  consequence  of  this  cutting  off  would  be 
use  a  more  complete  drying  of  the  soil  of  the  drain-guage 
iches  deep  during  dry  periods  than  of  that  to  a  correspond- 
lepth  in  the  deeper  gauges.  The  shallower  soil  would 
fore  require  more  water  to  saturate  it  to  the  same  depth 

subsequent  rains  came,  and  hence  the  amount  of  water 
ilating  through  it  would  be  less  than  would  otherwise  be  the 
It  must  also  be  borne  in  mind  that  the  total  amounts  of 
'  retained  by  the  different  thicknesses  of  soil  would  be  very 
ent,  and  would  vary  in  relation  to  one  another  at  different 
I.  It  is  to  be  regretted  that  our  data  do  not  enable  us  to 
late  accurately  the  influence  of  these  various  circumstances. 
Ttunately,  too,  the  results  obtained  by  the  experimental 
t-gauges  of  different  depths  are  somewhat  anomalous,  and 
as  do  not  seem  capable  of  satisfactory  explanation  by  the 
if  the  various  considerations  above  referred  to. 
%  looking  at  Table  XIX.  it  will  be  seen  that  up  to  the 
of  1874,  the  drainage  from  the  40-inch  gauge  was  on  the 
.6  somewhat  less  than  that  from  the  20-iiich  gaxx^.^  ^xvdi  ^^\. 
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from  the  60-iiicIi  gauge  wu  dutinctly  le«  than  that  fioa  tk 
40-iDcb  gauge.  In  November  vaA  Deconber  1874  ttw  wiDi  i» 
rounding  the  experimental  loili  weie^  u  kIrmIj  inantisMJ^ 
covered  extemall;  with  cement,  and  tben  thickansd  bgr  u  Mr 
tional  half-brick.  Since  thu  time  the  relative  propoitMU  of  Al 
drainage  from  the  three  gaugea  have  been  di&nnt.  Hw  4D4Mk 
gauge  has  given  on  an  average  consideiabl j  more  diBiuge-wilR 
than  the  2(>-incb  gauge,  while  the  60-iiidi  gmnge  has  given  uA 
leu  than  the  40-inch,  and  nearljr  the  Mma  tnaalotj  ■•  Ai 
20-iDch  gauge.  The  exact  itate  of  mitten  duriiig  the  tn 
periods  of  the  experiment  will  be  leea  from  the  HDlloviif 
Table  (XX.):— 

Tablk  XX. — The  Atbbaoi  AnniAL  Baditaia  ud  DKUVAn 
20,  40,  and  60  Inches  at  Bon.,  daring  the  PuniM  1871-7^ 
and  1871-80. 


t*— «"-'«*-■ 

Tmt^*,mt*M. 

i„... 

N-lodi 

«»>I>ah 
Qoi.. 

W-lBdi 

'SS^ 

S£ 

ar 

Four  Ye«™,  1871-7* 
Six       „      1875-80 
Ten      „      1871-80 

27-844 
34- 189 
31-451 

9-688 
1S-9U 
14-040 

»-47« 
18-M4 
14-918 

7-7B8 
16'8W 
U-Ml 

4»*« 
44*8 

H-T 
«7-4 

a* 

On  looking  at  the  column  for  rainfall  it  will  be  o 
the  last  six  years  have  been  mach  wetter  than  the  | 
four.     We  expect   therefore  to  find   a  greater  diveq 
tween  the  amounts  of  drainage  from  tlu  three  gaagea  diriV 
the  first  four  years  than  during  the  lait  lix.    The  mnaidHiU* 
increase  of  rainfall  in  the  l^ter  period  tbna  helpa  to  esphi* 
the   near  approachment  of  the  drainage  tiom  the  SO-inch  i*^ 
60-inch    gauges  during   thii  time,  but  it  bila  to  es^aia  d^ 
fact  that  the  40-iach  gauge  hai  dniiDg  the  nme  petiod  lamUi^ 
■o  much   more  drainage  than  either  of  the  othera.     Am  th^^ 
differences  do  nut  seem  to  be  adequately  explained  by  the  co**'i 
siderattiins  above  referred  to,  we  mnit  either  assume  some  dcf'^'^j 
in  the  20-incb  gauge,  leading  to  a  leakage  outwards,  and  '^*>'^*C^ 
ing  in  a  deficient  drainage,  or  some  defect  in  the  40-iiich  Af*^ 
60-inch  gauges,  leading  to  an  incieand,  and  in  the  CRse  of  t''^ 
40-inch  gauge  to  an  exceeuve  drainage.      In  regard   Ui  tbe^^*- 
poinU  it  should  be  stated  that  the  onlj  roally  knnw-n  leak»^^ 
was  in  the  20-incb  gauge,  already  reierred  to  as  occurring   '^ 
Febniarj  1879 ;  but  tbit  leakage  was  btm  the  outaide  i— >-m1C^ 


On  the  Bain  and  Drainage  -  Walters  at  Bathamsted.        39 

reas  it  must  be  a  leakage  from  the  inside  outwards  that 
Id  help  to  explain  the  discrepancies  in  question.  The 
ent  relatively  excessive  drainage  of  the  40-inch  gauge  is 
confined  to  wet  seasons,  though  it  is  then  greatest,  but  it 
3ars  also  in  dry  years,  and  even  during  the  spring  and 
mer  months.  Thus  the  average  drainage  from  March  to 
list  during  the  last  six  years  was  respectively  5*07,  5*68, 
5'18  inches  for  the  three  drain-gauges. 

^n  a  consideration  of  all  the  facts  it  would  seem  that  the 
nage  from  the  40-inch  gauge  has  been  relatively  somewhat 
issive  during  the  last  six  years ;  the  excess  is  however  less 
ked  at  present  than  it  was  two  or  three  years  ago.  The 
lunt  of  drainage  from  the  60-inch  gauge  has  also  apparently 
1  in  some  excess,  but  in  a  less  degree,  during  the  same  period. 
excessive  drainage  can  clearly  only  occur  by  leakage  of 
er  from  the  outside  through  some  defect  in  the  walls.  It  is 
lent  that  from  the  position  of  the  40-inch  gauge  there  may 
kt  times  a  greater  pressure  of  water  on  two  of  its  sides  than 
e  is  within  the  gauged  due  to  the  sloping  edges  of  the  walls 
ounding  the  gauges  delivering  an  excessive  amount  of  rain 

0  the  two  thin  bands  of  soil  which  separate  the  gauges  (see 
,  2),  and  the  thickening  of  the  walls,  which  took  place  towards 
end  of  1874,  would  increase  this  side  pressure.  It  must 
rankly  confessed,  however,  that  it  is  difficult  to  believe  that 
age  would  be  more  marked  after  the  thickening  and  cement- 
of  the  external  walls  than  it  was  before. 
Fotwithstanding  the  difference  in  the  relation  of  the  gauges 
ifferent  periods  of  the  experiment,  it  is  pretty  clear  that  at  all 
5s  evaporation  has  been  somewhat  greater  in  a  dry  season 

1  the  soil  of  the  60-inch  gauge  than  from  the  soil  of  the 
nch  gauge,  and  that  consequently  capillary  attraction  has 
red  capable  of  bringing  water  to  the  surface  from  a  depth 
«ding  20  inches.  The  excess  of  evaporation  on  the  60-inch 
{e  is,  however,  at  present  very  small.  Thus,  during  the 
rest  year  beginning  September  1,  1879,  and  ending 
;ust  31,  1880,  the  rainfall  was  21*358  inches,  the  season 
ig  the  driest  corresponding  period  in  the  past  ten  years. 
!  drainage  during  these  twelve  months  amounted  to  6*890 
les  from  the  20-inch  gauge,  to  7*393  inches  from  the  40-inch, 

to   6*495  inches  from   the  60-inch  gauge ;   the  excess  of 
wration  on  the  60-inch  over  that  on  the  20-inch  gauge  was 

only  0*395  inch. 

Jkving  now  disposed  of  the  preliminary  questions  belonging 
he  subject,  we  may  proceed  to  consider  the  general  facts 
ibited  by  the  ten  years'  drainage  experiments. 
n  the  following  Table  (p.  40)  the  rainfall  and  di^Vxv^*^  ^\ 
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L  of  the  summer  and  winter  periods  during  the  past  ten  years 
shown ;  the  rainfall  and  drainage  for  each  twelve  months — 
ober  1  to  September  30 — are  also  given.  This  period  of 
Ive  months  we  may,  for  our  present  purpose,  call  the 
tainage  Year;"  and  our  mode  of  record  will  thus  agree 
b  the  division  into  Civil-year  periods  adopted  by  Mr.  Greaves 

Mr.  Evans.  The  whole  of  the  seasons  are  arranged  in  the 
le  in  the  order  of  their  respective  rainfall ;  the  influence  of 
jring  amounts  of  rain  is  thus  clearly  shown.  The  amounts 
Irainage  given  are  the  mean  of  the  results  yielded  by  the 
!e  drain-gauges,  20,  40,  and  60  inches  in  depth, 
^he  range  of  rainfall  during  the  ten  years  of  the  experiment 
een  to  have  been  enormous.  We  have  a  consecutive  twelve 
iths  with  a  rainfall  of  22*937  inches,  and  another  similar 
od  with  a  fall  of  42*718  inches.  In  the  six  winter  months 
range  of  rainfall  has  been  still  greater,  namely  from  7*031  to 
^64  inches.  The  ten  years  of  experiment  have  thus  afforded 
nples  of  extreme  rainfall  and  drought,  such  as  are  usually 
r  found  in  much  longer  periods  of  observation, 
i^ith  this  very  large  variation  in  the  rainfall  we  have  a  yet 
Lter  variation  in  the  amount  of  water  passing  through  the 
•  The  summer  drainage  is  seen  to  vary  from  0*923  to 
ill  inches ;  the  winter  drainage  from  3*918  to  15*530 
leg;  and  the  drainage  of  the  whole  drainage-year  from 
^0  to  25*857  inches.     Expressed  in  percentages  of  the  rain- 

the  drainage  in  summer  has  varied  from  7*9  to  47*6,  with 
ican  of  26*8  per  cent. ;  the  drainage  in  winter  from  39*8 
80*1,  with  a  mean  of  61*9  per  cent.  ;  and  the  drainage 
•he  whole  year  from  21*7  to  60*5,  with  a  mean  of  43*4 
cent. 

0  understand  the  cause  of  this  extreme  variation  in  the 
*Qnt  of  water  passing  through  the  soil  we  must  turn  our 
Ation  to  the  amount  of  evaporation  from  the  surface  which 
%t  the  same  time  taken  place,  and  which  is  also  shown  in 
^ble.     The  amounts  of  evaporation  during  each  season  have 

1  ascertained  by  simply  subtracting  the  amount  of  drainage 
^  the  amount  of  rainfall.    That  portion  of  the  rainfall  which 

Dot  appear  as  drainage-water  has  clearly  been  returned  to 
atmosphere  by  evaporation ;  this  is  true,  at  all  events,  when 
^il  holds  a  similar  amount  of  water  at  the  beginning  and 
of  the  period  of  the  experiment.  That  the  soil  of  the  drain- 
r^s  was  actually  in  a  similar  state  of  dryness  at  the  beginning 
^nd  of  every  period  mentioned  in  the  table  is  by  no  means 
i*ted;  the  figures  representing  the  evaporation  are  thus 
^ps  seldom  quite  exact,  and  in  a  few  cases  are  certainly 
t^r.     The  error  is,  however,  usually  smaW,  a.^  ^\.  vVia  ^wsv- 
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mencement  and  end  of  the  periods  duMen  (OctolMr  1  nl 
April  1)  the  soil  will  genenUj  c»ntaia  ■  maianla,  te  lA 
ezcesuTe,  amount  of  water.  In  the  iimmi  araportioBi  &* 
summer  and  winter,  given  at  the  foot  of  tha  taU^  tha  «hc 
just  mentioned  will  be  but  imall ;  and  in  the  n 
for  the  whole  year  probablj  luL 

The  amount  of  evaporation  taking  pUoe  from  n  ban  n 
soil  will  depend  on  the  tempeTatnre  of  the  soil,  the  te^pentBV 
and  dryness  of  the  air,  and  the  amount  of  windf  and  aln  o^ 
the  amount  and  distribution  of  the  nin:  the  aoioaiit  of  awwfip- 
ration  is,  in  fact,  limited  not  only  bjr  the  conditiona  aa  to  hwt* 
wind,  Sec,  but  also  by  the  amonnt  of  water  aTailaUa  oa  dss 
surface. 

The  distribution  of  the  run  hai  a  considerabla  inflnanwi  an 
the  amount  of  evaporation ;  a  heavy  rain&ll  occnrring  in  a  friV 
days  will  always  result  in  more  drainage  and  lew  ev^matiaB 
than  the  same  quantity  of  rain  distributed  over  a  month;  and 
to  this  cause  some  of  the  variationi  in  drainage  with  a  nmilar 
rainfall,  to  be  found  in  Table  XXL,  are  plunly  dne.  In  the 
Rotbamsted  drain-gauges,  howerer,  containing  a*  thejr  do  * 
heavy  soil  in  its  natural  condition  of  conaolidatioB,  and  witli 
its  clay  subsoil  untouched,  the  differencea  in  the  anoant  of 
drainage  due  to  irregularitiea  in  the  diatribntion  of  the  laaM 
are  far  smaller  than  those  which  have  been  ohaerved  by  oAev* 
employing  small  percolators  more  or  leas  looaely  filled  witb 
porous  soil,  and  generally  with  growing  tnrf  upon  the  anfaee. 

Turning  now  to  the  figures  of  the  table,  we  see  that  the  amoanA 
of  evaporation  from  the  soil  during  the  whole  diaiiiagn  ji^T 
appears,  with  two  marked  exceptions,  to  be  a  hiiij  ciomN— * 
quantity.  The  whole  range  of  evaporatioD  in  tea  yean  ia  &oa* 
U-279  to  19-686  inches;  bat  excluding  theae  eztreanea,  li»« 
variation  in  eight  years  is  only  from  16*861  to  18*685  iado^ 
That  in  years  of  very  different  rainfall  the  aoil  haa  afrnfonliB^ 
almost  the  same  amounu  of  water,  ia  atrikiaglj  ahown  by  Ma^2 
of  the  results,  as  for  instance  those  for  1878-4^  187S-^  aw^ 
1876-7. 

The  large  amount  of  evaporation  credited  to  tha  vaar  1870-'^* 
-     '     -  of  tha  Und  alnaAy 


is  probably  due  to  an 
noticed.  The  drain-gauges  were  constincted  daring  Aa 
ceedingly  dry  summer  of  1870,  aod  the  blocks  of  aoil  Id 
included  in  the  gauge  having  been  isolated  by  trencbi 
round  them,  were  necessarily  more  or  leas  exposed  to  ■■ 
all  their  sides  ;  the  soil  was  thiu  dried  to  an  unusual  extent, 
when  rain  commenced  a  conndentUe  anumnt  was  consumed 
wetting  the  soil  before  drainage  took  place.  Under  these  cm- 
cnmstancet  it  is  clear  that  a  put  of  the  lain  credited  to 


he  Rain  and  Drainage  -  Water  $  at  Rothamsted.        43 

really  retained  bj  the  drj  soil,  the  true  evaporation 
aently  distinctly  below  the  estimated  quantity, 
emely  low  evaporation  of  the  year  1879—80,  and  the 
result  for  1878-9,  are  chiefly  owing  to  the  abnormal 
IS  calculated  for  the  winters  of  these  years,  the  cause 
ill  be  presently  considered. 

lunts  of  evaporation  for  the  summer  half  of  the  year 
ly  considerable  uniformity, ,  notwithstanding  great 
in  the  rainfall.  During  ten  summers  the  smallest 
I  has  been  10*710,  and  the  largest  13*483  *  inches, 
these  extremes,  the  variation  in  eight  years  has  been 
1*023  to  12*535  inches. 

nparative  constancy  of  the  evaporation  under  very 
nditions  of  climate  is  certainly  remarkable  ;  it  must 
due  to  the  fact  that  the  two  principal  conditions 
ermine  a  large  evaporation,  namely  excessive  heat 
int  rain,  very  rarely  occur  together.  In  a  wet  season, 
oil  is  kept  well  supplied  with  water,  there  is  at  the 
a  more  or  less  saturated  atmosphere,  with  an  absence 
^,  conditions  unfavourable  to  a  considerable  evapora- 
L  hot  season  there  is,  on  the  other  hand,  usually  a 
rain ;  and  after  the  surface  of  the  soil  has  dried 
I  must  proceed  very  slowly. 

res  representing  the  evaporation  from  the  soil  during 
half  of  the  year  are  by  no  means  so  regular  as  those 
the  summer  half,  or  to  the  whole  year.  This  is 
to  the  small  amount  of  the  evaporation,  which  is 
therefore,  considerably  affected  by  any  disturbing 
nearer  study  of  the  results  shows,  however,  that  the 
I  is  considerably  more  constant  than  at  first  appears. 
170-1  and  in  1872-3  the  high  calculated  figure  for 
I  is  certainly  in  excess  of  the  truth  ;  in  each  case  the 
Qusually  dry  just  before  the  commencement  of  the 
iod,  and  in  the  latter  winter  it  was  also  some- 
ally  wet  at  the  end  of  this  period:  rain  has  thus 
led  as  evaporation  which  really  was  simply  retained 
Errors  of  reckoning  of  this  description  are  natu- 
r  in  the  case  of  the  deeper  drain-gauges,  and  least  in 
'  the  20-inch  gauge.  With  this  g^uge  the  range  of 
tion  calculated  for  the  winter  months  is  much  smaller 


olated  figure  is  nndoubtedly  rather  higher  than  the  true  evapora- 
immer  six  months  succeeded  a  dry  March  and  concluded  with 
tber,  nearly  1  inch  of  rain  falling  in  the  last  three  days  of  this 
drainage  is  thus  from  two  causes  somewhat  below  the  amount 
Dging  to  the  rainfall,  and  the  oaloulatcd  evaporation  is  to  the  same 
h. 
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than  with  the  other  gauges  ;  omitting  1878-9  and  lS79-S0,tltf 
range  with  thia  gauge  is  but  from  5'182  lo  6'924  inches. 

The  winters  of  1878-9  and  IS79-80  show  a  remarkably  imill 
calculated  evaporation,  and  considerably  diminish  the  toul 
-evaporation  of  the  years  of  which  tbey  form  part.  The 
winter  of  1879-80  is  the  most  striking  of  these  exception*;  it 
succeeded  the  wettest  summer  in  the  whole  ten  years,  while  the 
winter  itself  was  the  driest  and  coldest  in  the  same  period.  Tlir 
rainfall  of  October  and  January  being  insufficient  to  provide  for 
a  normal  evaporation,  and  the  low  temperature  tending  also  li« 
a  reduced  rate  of  evaporation,  we  should  expect  the  amount  uf 
evaporation  during  this  winter  to  be  somewhat  below  the  aven^. 
A  more  potent  cause  of  the  extremely  low  figure  found  by  cal- 
culutinn  is,  however,  the  abnormally  high  drainage.  The  toil 
commenced  October  in  a  saturated  condition,  while  the  winwr 
concluded  with  a  fairly  dry  March ;  a  part  of  the  winter  (hwn- 
age  thus  belonged  to  the  summer  rainfall — a  most  unusual  cir- 
cumstance. The  very  exceptional  high  rale  of  drainage  during 
January  and  February  cannot,  however,  be  explained  by  xrki— 
ence  to  the  previous  summer's  rainfall,  and  certainly  pointi't* 
an  actual  condensation  of  water  by  the  soil,  probably  occur- 
ring at  the  close  of  the  severe  frost  experienced  during  those 
months. 

The  winter  of  1878—9  was  not  quite  so  exceptional  as  the  one 
last  mentioned.  It  followed  a  wet  summer,  and  concluded  witb 
a  dry  March,  the  temperature  was  also  nearly  as  low  as  in  the 
winter  of  1879-80 ;  some  of  iho  circumstances  tending  to  pfj*" 
duce  a  low  evaporation  and  high  drainage  were  thus  the  same  lA 
birth  seasons,  though  not  so  marked  in  1878-9  as  in  1879-SO- 
The  evidence  of  condensation  of  water  by  the  sot!  during  Janowy 
and  February  was,  however,  still  more  distinct  during  the  winter 
now  under  consideration,  the  drainage  of  January  and  Februi'T' 
being  far  above  the  normal  proportion  to  the  rainfall. 

We  conclude,  therefore,  that  these  winters  bad  probabW  » 
rate  of  evaporation  rather  below  the  average  ;  but  the  BcrioiJ* 
deficiency  shown  by  the  figures  in  the  table  had  probablj  i*" 
existence,  being  simply  due  to  a  special  increase  of  the  draiil«ff* 
from  sources  independent  of  the  rainfall  of  the  period. 

We  now  turn  to  the  average  amounts  of  evaporation  fore*'^" 
season  given  at  the  foot  of  Table  XX!.  The  rate  of  e"||**' 
ration  having  altered,  on  the  whole,  within  nuidemte  liw** 
during  the  last  ten  years,  these  figures  will  express  with  IctlenW*' 
accuracy  the  amount  of  evaporation  which  will  iirtlinarily  twf" 
place  from  the  Rothamsted  soil  when  kept  bare  of  vegetfttiotV  •" 
B  climate  having  a  mean  temperature  of  about  4S°,  The|M|tfb 
ataount  of  evaporal'ion  dui\i\g  ^Vms  m  -"— "■"-  ™»».-^^^^l 
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arlj  12  inches,  during  the  six  winter  months  about  5J^  inches, 
d  for  the  whole  year  17  to  18  inches. 

We  have  dwelt  thus  at  length  on  the  amount  of  evaporation  from 
e  soil  of  the  drain-gauges  because  the  comparative  constancy  of 
e  evaporation  from  the  surface  of  a  bare  clayey  soil  in  seasons 

very  different  character  is  a  fact  probably  not  generally  re- 
>gniised,  and  because  this  comparative  constancy  in  the  amount 

evaporation  is,  in  the  case  of  our  drain-gauges,  the  law  which 
-termines  in  the  long  run  the  amount  of  drainage.  Drainage  is 
'  fact  merely  the  excess  of  raivfall  over  evaporation.  With  this 
^w  of  drainage  in  our  minds,  the  cause  of  the  great  variation  in 
>  amount  becomes  readily  understood  ;  for  we  may  almost  say 
at  up  to  the  point  at  which  the  rainfall  equals  the  evaporation 

the  season  no  drainage  will  take  place,  but  that  beyond  that 
uit  every  inch  of  rain  will  produce  an  inch  o£  drainage- 
ter.  This  general  statement  assumes  of  course  ordinary  and 
'  extraordinary  conditions,  and  it  is  true  of  long  periods 
^er  than  short  ones  ;  in  short  periods  the  immediate  distribu- 
^  of  the  rain  will  certainly  have  a  preponderating  effect. 
^  cause  of  the  immense  excess  of  winter  over  summer  drain- 
becomes  now  apparent.  The  rainfall  in  summer  is  actually 
-X.cess  of  that  in  winter,  but  the  drainage  during  the  summer 
^ths  is  only  half  that  experienced  in  winter,  owing  to  the  far 
^Xer  amount  of  evaporation  during  the  warmer  half  of  the  year. 
^s  to  the  various  rates  of  evaporation  from  soils  of  different 
^^lis,  the  drain-gauges  unfortunately  give,  as  we  have  already 
^,  no  certain  information.     The  average  evaporation  from  the 

40,  and  60-inch  gauges  are  separately  given  at  the  foot  of 
>le  XXII.  (p.  46) ;  the  figures  we  have  discussed  have  been 
^11  cases  a  mean  of  the  three  results.  With  soils  more  open 
t^  that  at  Rothamsted,  of  less  water-holding  capacity,  and  of 
^r  capillary  power,  the  amount  of  evaporation  will  be  much 
^9  and  the  proportion  of  the  rainfall  which  appears  as  drainage 

^;reater.  The  amount  of  evaporation  in  such  soils  is  also 
t*e  variable,  the  surface  possessing  no  regular  supply  of  water. 
^  behaviour  of  soils  of  this  description  is  shown  in  an  ex- 
r^rated  manner  by  Mr.  Greaves's  experiment  on  a  mass  of 
r^  sand,  the  general  results  of  which  will  be  found  in  Table 
^V.  (p.  53).  On  the  other  hand,  with  soils  of  greater  water- 
l^ding  power,  or  with  a  heavier  summer  rainfall,  the  amount 

evaporation  during  the  summer  months,  and  consequently 
*  the  whole  year,  might  be  somewhat  increased ;  but  the 
^sible  range  of  variation  in  this  direction  is  not  large,  as 
^»  Greaves  has  shown  that  the  average  annual  evaporation 
>ixi  a  water  surface  is  but  20*658  inches,  or  onlv  about  3  inches 
^ter  than  that  obtained  from  the  Rothamsted  soil. 
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To  complete  our  view  of  the  remlti  yielded  Ij  tb)  4tii» 
gauges  we  must  now  proceed  a  itep  fnrtbier,  Mid  aee  vto  be 
been  the  average  amount  of  dnunege  kod  erapmatioo  far  wk 
month  in  the  year. 

It  appears  from  Table  XXII.  that  dndiuige  bae  od  aa  annp 

Table  XXII. — The  Atkraq*  Hoktblt  Bunui,  with  the  kwmm^ 
MoNTHLv  PiBooLATioH  and  EvAPoaAmnr  from  Sou  80,  4(^  ■! 
60  Incbib  in  Depth,  during  10  Tuaa,  1871-80. 


^. 

t^^. 

E^W"*"- , 

a.11 

8rtl 

Soil 

8.41 

am 

d«p. 

deep. 

d«p. 

d«p. 

d>q>. 

*• 

2-802 

2-008 

2-204 

2-030 

TWf 

o-soe 

a  ■100 

1-401 

1-586 

1-S78 

am 

O'sat 

UATtlb..         .. 

1-59S 

0-540 

0-673 

0-585 

IKW 

0-910 

April    ..      .. 

2- 308 

0-810 

0-021 

0-852 

fm 

I-MJJ 

Miy     ..      .. 

2-224 

0-422 

0-901 

wnt 

1-7SS 

!■»«* 

J«»e    ..      .. 

0-S21 

O-SSS 

I-ITTK^ 

Jaly     ..      .. 

8-280 

0-890 

0-918 

080* 

?aa 

2'36S 

August"      .. 

2-677 

0-670 

0-663 

0-609 

m 

2014 

Baptombor  .. 

.•i-123 

1-170 

1-044 

0£27 

SW3 

a-079 

3-094 

2-158 

2-241 

1-999 

93« 

0-BSS 

•J^S 

XJecembcT    .. 

2-333 

1-758 

1-906 

1-724 

0-576 

0-427 

Whole  Year 

3I-*31 

1*040 

14-016 

13- £41 

17-411 

19-585 

U-flC^ 

commenced  in  earnest  In  September,  and  remained  at  a  higii^^ 
point  till  March,  that  is,  during  the  periods  tuuall;  designated i^M 
"Autumn"  and"  Winter";  the  maximum  drainage  beingrearKf^VQ 
in  November  or  January,     From  March  to  August  ("  Spring "   ^ 
and  "Summer")  the  drainage  ha«  been  comparatively  smit^  ■«  i 
the  minimum  having  occurred  in  May.     In  considering  the^^  < 
figures  it  must,  however,  be  borne  in  mind  that  the  rainf^  ' 
during  the   ten  years  of  the  drainage    experiments  has  bwa^ 
singularly  abnormal ;  not  only  has  the  annual  fall  been  e»rf&-" 
sivc  (about  3  inches  above  ^e  average),  but  the  distriboti"*^ 
has  been  irregular,  certain  months  having  been  specially  affectt^  -    j 
If  we   assume,  as  we  fairly  may,  that  the  amounts  of  mcmlli' *" 
evaporation  ascertained  for  the  past  ten  years    would    reui*i'* 
nearly  the  same  under  a  normal  rainfall,  it  becomes  posiiblr  I*.*' 
simply  subtracting  the  excess,  or  adding  the  deficiency  ofil*"" 
rainfall,  to  calculate  what  would  be  approximately  the  monli'j' 


*  Ezclnding  the  very  eioeptloDal  raui'&ll  ftnd  dmiimge  of  August  IWfcyf 
■femge  drainage  for  the  mouth  voaM  bo  only  nbont  ooc-thiril  as      "^ 
^uras  show. 
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ige  under  a  rainfall  of  average  amount.  The  results  of 
I  calculation  will  be  found  in  Table  XXIII. 

!  XXin. — Caloulated  Ayebaqb  Monthly  Dbainagb  from 
iL  20,  40,  and  60  inches  in  depth,  when  Bainfall  is  of  Normal 
lantitj. 


raaiy  .. 

bruary 

ich 

Til 

ly..     .. 

le 

ly..     .. 

pcember 
tober  .. 
▼ember 
oonber 


rhole  Year  .. 


Rainfall. 


Average  Average 
28  Yean,  10  Years, 
1853-80.      187l-«0. 


Rain  of 
10  Years 
under  or 
above 
Ram  of 
28  Years. 


Inches. 

2-590 

728 

698 

-008 

329 

•451 

'704 

648 

638 

089 

345 

-084 


Inches. 


1 

1- 

2 

2 

2 

2 

2 

2 

3 

2 

2 


2 

2 

1' 

2 

2' 

2 

3 

2 

3 

3 

3 

2 


802 
100 
595 
398 
224 
668 
280 
677 
123 
162 
094 
333 


Inches. 
+0-212 
+0-372 
-0-098 
+0-390 
i-0-105 
+0-212 
+0-576 
+0-034 
+0-485 
+0-073 
+0-749 
+0-249 


Drainage,  aasaming  nonnal  Rain. 


Soil 

20  inches 

deep. 


Inches. 


1 

1 

0- 

0 

0" 

0 

0 

0 

0 

1 
1 
1 


794 
0-29 
638 
420 
527 
309 
814 
636 
685 
621 
409 
509 


28-302     31-451    +3-149 


10-891 


Soil 

40  inchM 

deep. 


Inches. 


2 
1 
0 
0 
0 
0 
0 


082 
164 
773 
531 
606 
323 
342 
0*629 
0-559 
1-609 
1-492 
1-657 


11-767 


Soil 

00  inches 

deep. 


Inches. 

1-818 

1-006 

0-683 

0-462 

0-538 

0-274 

0-228 

0-575 

0-442 

1-341 

1-250 

1-475 


10-092 


should  be  stated  that  in  the  construction  of  this  artificial 
e  (XXIII.),  exceptional  rainfalls  and  drainage,  such  as 
of  August  1879,  are  not  excluded.  The  figures  as  they 
would  indicate  that  under  a  normal  rainfall  considerable 
age  would  not  set  in  before  October,  and  would  continue 
i  end  of  February,  the  maximum  drainage  being  in  January. 
I  March  to  the  end  of  September  the  amount  of  drainage 
nparatively  small,  the  minimum  being  reached  in  June  and 
If  these  indications  should  prove  to  be  correct,  the 
al  drainage  year  of  this  uncropped  land  would  commence 
October,  the  first  autumn  month  in  which  a  great  fall  of 
erature  occurs,  and  also  the  month  of  maximum  rainfall. 
e  must  now  glance  at  the  average  amounts  of  evaporation 
ig  each  month,  which  have  been  given  in  Table  XXII. 
ing  first  at  the  results  obtained  with  the  20-inch  drain- 
e  we  see  that  evaporation  from  the  soil  takes  place  to  the 
lest  extent  in  December.  In  January  it  is  slightly  greater, 
imaller  supply  of  radiant  heat  during  the  short  days  of 
imber  checking  evaporation  apparently  more  than  the  lower 
smperature  of  January.  In  February  evaporation  remains 
altered,  but  in  March  a  decided  rise  commences,  continuing 
lily  up  to  July,  when  the  maximum  rate  of  eva^^i^lloii  \& 
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attained  ;  from  this  point  a  decline  Mto  in  till  the  '■'''"■»■  i* 
oDce  more  reached  in  Deceinber, 

The  amount  of  water  eraporated  per  month  ii  not  alwan,  kv 
cver,  exactly  shown  by  the  mode  of  calcnUtion  we  an  nxccdta 
adopt.  We  have  already  frequently  called  attentioir  to  Ac 
error  which  must  occur  in  our  calcnlations  when  the  Mil  i* 
drier  or  wetter  at  the  end  of  the  experimental  period  thu  iK 
was  at  the  beginning.  Thit  fonrce  of  eiror  only  occiriowHy 
affects  the  correctness  of  oor  calculations  when  the  period  B» 
question  is  a  long  one,  or  when  the  aremge  of  many  unikr 
periods  can  be  obtained  in  which  it  ia  an  equal  i**™  whrtk^ 
the  soil  is  drier  or  wetter  at  the  end  than  at  the  beginoinf,  baft 
it  certainly  distinctly  affect!  a  portion  of  the  monthly  annpv- 
Thc  amounts  of  evaporation  catcnlated  for  the  mid-winter  a»«m» 
will  be  practically  free  from  errora  of  this  description,  if  iW 
average  of  a  sufficient  number  of  yean  be  taken,  rrom  wistar* 
however,  to  the  height  of  summer,  the  soil  must  generally  tndl 
to  become  drier,  and  the  calculated  evaporation  for  the  maaft* 
lying  in  this  period  will  coniequently  be  on  the  whole  too  bur- 
The  hottest  season  passed,  a  reverse  action  will  take  plaoc^  thv 
soil  gradually  becoming  more  saturated  with  water  ;  toe  figiiLtf 
given  as  representing  evaporation  during  this  pottioa  of  tl 
year  will  therefore  be  too  h^h.  A  comparison  of  the  aaoas 
of  evaporation  calculated  ior  the  Rotnamsted  soil  with  &0 
average  monthly  evaporation  determined  by  Bfr.  (SnavM  fc' 
a  water-surface  (see  Table  XXV.,  p.  53)  is  most  instmctivc^  ■ 
shows  very  clearly  the  existence  of  the  two  erron  in  O 
directions  which  aSect  OST  calctdatioDS  tos  spring  wat£ 

During  December,  January,  Febmary  and  Blaich,  d 
of  evaporation  from  a  watei'>«nr&ce  are  seen  to  be  all  b 
with  the  evaporation  calculated  fior  the  sml  of  the  84^ 
at  Kothamsted,    plainly  showing  that  the  soil  ia  during  ti 
months  sufUciently  saturated  with  water  to  yield  at  all  if 
a  maximum  rate  of  evaporation.     During  the  wanner  Band 
the  year  we  should  expect  to  find  the  evaporation  from  tbewd^ 

'I'ormly  greater  than  from  the  soil,  as  the  soil  is  not  at  In* 


that  from  the  soil  from  April  to  AvgUst,  the  evaporation  /ruff* 
the  soil  is  distinctly  greater  dnring  September,  October  wd 
November,  the  difference  in  favour  of  the  soil  during-  tho*^ 
months  amounting  on  the  whole  to  1  inch.  Under  spring  i>»*' 
autumn  seasons  of  similar  temperature  we  find,  therefore,  th*t  ><> 
the  spring  the  evaporation  from  water  exceeds  that  cnli-ulalcd  W 
the  soil,  while  in  autumn  the  converse  holds  true.  This  iifloi'^  1 
j'n  accordance  with  our  pmvioas  reasoning.     There  can  be  Lin'''    J 
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lubt  that  the  evaporation  credited  to  the  soil  for  September  and 
'ctober  is  somewhat  too  high,  while  that  reckoned  for  April  and 
aj  is  rather  too  low. 

On  comparing  the  records  of  the  20,  40,  and  60-inch  gauges 
ven  in  Table  XXII.  (p.  46),  it  is  evident  that  the  relation 
'tween  them  is  different  at  different  times  of  the  year.  In  the 
ling  months  drainage  will  continue  to  take  place  from  the 
i^er  layers  of  a  deep  soil  when  it  has  altogether  ceased  in  a 
illower  soil.  In  summer  and  autumn,  on  the  other  hand,  the 
in  age  will  be  less  from  the  deeper  soil,  as  there  is  in  this 
&  a  larger  mass  of  dry  soil  to  be  saturated  with  water  before 
inage  can  commence.  In  March  and  April  the  drainage 
XI  the  soil  40  and  60  inches  in  depth,  is  on  an  average 
fcer  greater  than  that  from  similar  soil  20  inches  deep ;  but 
August,  September,  and  October,  the  relation  is  reversed,  the 
1  lowest  soil  yielding  the  largest  drainage.  These  facts 
^^ar  in  the  records  of  the  gauges  for  the  last  six  years,  as 
1  as  in  the  records  for  the  first  four  years ;  the  extent  of 
^r^nce  is,  however,  much  less  in  the  later  years.  It  clearly  . 
ox¥S  from  these  facts  that  the  errors  affecting  the  calculated 
^^nt  of  evaporation  from  the  soil  during  the  spring  and 
>Unn  months  will  be  greatest  in  the  case  of  the  deeper  soils, 
1^  that  the  calculations  made  on  the  results  of  the  20-inch 
*ge  will  most  nearly  represent  the  truth. 
^  a  table  on  the  following  page  the  average  monthly  drainage 
^  the  three  gauges  is  given  as  percentages  of  the  rainfall ;  in 
same  table  will  be  found  the  percentage  relation  of  the 
Limed  normal  drainage  (see  Table  XX 1 1 1.,  p.  47)  to  the 
^icial  rainfall,  the  average  of  twenty-eight  years. 
f'bese  figures  will  require  no  explanation.  The  average  per- 
^t^es  of  drainage  to  rainfall  during  summer  and  winter  have 
■H  already  given  (page  41).  The  mean  annual  proportion 
drainage  to  rainfall  there  given  is  not  exactly  the  same  as 
'^lie  present  table,  the  former  results  being  the  mean  of  ten 
iiiage-years,  and  the  latter  of  ten  civil  years. 
X  we  may  assume  a  comparatively  constant  annual  evapora- 
^  from  the  surface  of  the  soil,  it  becomes  possible  to  calculate 
^^t>ximately  the  percentage  of  drainage  to  rainfall  for  any 
rainfall  distinctly  exceeding  the  amount  of  evaporation, 
assuming  17*5  inches  as  the  annual  amount  of  evapora- 
^,  then  with  a  rainfall  of  28*3  inches  (the  present  average  at 
l^hamsted),  the  drainage  will  amount  to  about  38  per  cent. 
^tAi  a  rainfall  of  25  inches,  the  drainage  would  in  like  manner 
30  per  cent  With  a  rainfall  of  20  inches,  12*5  per  cent. 
It  must  be  carefully  borne  in  mind  that  the  whole  of  the  facts 
d  figures  hitherto  given  relating  to  drainage  titvd  e\^^at^\\o\3L 


50  On  the  Rain  aiid  Dnanage  -Wattn  at 

Tablx  XXIV.—Ayerasi  Morhlt  Dunua  br  100  ] 

during  10  Yubb,  1871-80.    Alw  tbo  Duumm  te  IM  &» 
TALL  with  Bsanmed  noroul  qtumtitLW  flf  botilL 


PebnuTf 

l£y..     *.! 

July 

Augiut  .. 
Soptembei 
Outober  .. 
NovembeT 
DecemboT 


■equentl;  are  onlj  pardally  applicable  to  oidinarf  Uod 
is  always  more  or  less  covered  with  regetable  gnnrth. 

We  have  dow  gone  through  the  principu  ikcto  whidi  tft' 
amounts  of  percolation  from  the  three  dmin-gwtgBB  aiipT  ■" 
teach.     That  experiments  with  soils  Icqit  ban  of  TagatatHW  C^* 
only  touch  a  part  of  the  qnestioDS'  ooimaGted  with  |aitJlk.*^ 
agriculture  is  obvious.     A  series  of  percolation  e^arimaalB  i* 
which  the  influence  both  of  crop  and  manore  on  the  ■ 
and  composition  of  the  drainage-water  might  be  ■' 
planned  man;  jears  ago,  bat  has  not  been  I 
cessful  issue.     Eighteen  cylinders  made  of  at 
each  5  feet  in  depth  and  S  feet  in  diameter,  i 
ground  nearly  to  their  upper  edge.     It  was  intended  dnt  tk^^ 
cylinders   should  be  filled  with  aoil  T'p'Jlitr  in  kind  te  dit 
forming  the  three  drain-gaogesL     Crops  would  then  have  b<^ 
grown,    and    manures     applied,    the    drainage- water    yyaulnf 
through  the  soil  collected  and  measured,  and  its  romposiu"" 
determined  by  analysis.     The  ■obetaaces  applied    as  uianuir. 
and  removed  in  the  crop  ood  diainage-vater,  being  thui  lcao*ii> 
it  was  hoped  that  valuable  iofonnation  woulil    be  nbtaioKl  <»• 
many  important  questions.     Unfbrtooately  the  cylindi^n  "f" 
found  to  leak.     It  also  proved  imposnble  to  ^t   into  them  tlx; 
amount    of  soil    necessary  to  obtain  &e  same  degrra  i)f  cW' 
solidation  as  in  the  undisturbed  field-wnl,  although  murli  iill^l 


an  noUM 
MmlinB* 
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poured  through,  and  a  pressure  exceeding  one  ton  was  in 
cEse  cases  applied.  No  further  steps  have  yet  been  taken. 
Several  investigations  have  been  made  at  Rothamsted  on 
^  subject  of  the  evaporation  of  water  by  plants,  both  when 
^^%mfn  in  pots  *  and  in  the  field.  In  a  paper  published  in  the 
>mjmal  of  the  Royal  Agricultural  Society  in  1871  (page  91), 
emulations  are  given  as  to  the  amount  of  water  removed  from 
soil  by  certain  crops  during  the  hot  and  dry  summer  of 
^Q,  the   calculations  being  based  on   actual  determinations 

'^he  amount  of  water  remaining  in  the  soil  after  the  re- 
'"^^al  of  the  crops.  Thus  it  was  shown  that  a  crop  of  manured 
^  of  29j^  cwts.  had  removed  from  the  soil  at  least  2  inches, 
1  another  manured  crop  of  56^  cwts.  at  least  3*2  inches 
»v^  water  than  an  unmanured  crop  of  5f  cwts.  In  the  case 
c^  crop  of  barley  grown  on  the  same  field  in  which  the  drain- 
i^l^s  were  afterwards  established,  the  crop  had  apparently 
K^oved  from  the  soil  about  9  inches  more  water  than  had  eva- 
■"^ted  from  the  adjoining  bare  fallow ;  the  conditions  of  the 
g«riment  were,  however,  not  all  that  could  be  desired. 
Xlie  powerful  action  of  a  crop  in  evaporating  water  from  a 
1  is  mainly  due  to  the  rapid  transpiration  of  water  through  the 
t-^v^es,  which  takes  place  in  a  growing  plant  under  the  influence 

light ;  the  roots  also  lend  important  assistance  by  enabling 
^  plant  to  draw  water  from  depths  of  the  soil  too  great  to  be 
K^nrbed  by  ordinary  capillary  attraction.  A  deeply  rooted  crop 
^^  thus  be  more  effective  in  drying  the  soil  than  a  crop  with 
^low  roots,  as  is  plainly  seen  by  a  comparison  of  the  results 
c^^uced  by  the  g^ss  and  barley-crops  already  mentioned. 
•^ka  the  transpiration  of  water  in  a  plant  is  determined  by 
rlit,  the  amount  of  transpiration  must  have  some  connection 
^li  the  rate  of  assimilation  and  growth.  When  the  supply  of 
^^cr  and  of  soluble  plant-food  is  tolerably  constant,  the  rela- 
^H  between  transpiration  and  growth  will  be  fairly  regular, 
'^^m  experiments  made  at  Rothamsted  many  years  ago,  with 
^^ts  grown  in  pots,  it  was  concluded  that  from  250  to  300  lbs. 

"^ater  were  evaporated  for  1  lb.  of  dry  matter  added  to  the 
^^t  It  may  be,  however,  that  in  a  soil  poor  in  soluble  plant- 
^Hl  a  larger  amount  of  water  would  pass  through  the  crop  to 
^1d  the  same  amount  of  assimilation  than  in  the  case  of  a  soil 
^U  manured.  The  relation  between  transpiration  and  assimila- 
^ti  will,  indeed,  probably  differ  under  different  circumstances. 
Ilie  annual  evaporation  from  a  cropped  soil  can  never  be 
cloned  as  a  constant  quantity,  even  under  a  uniform  course  of 

^  "Experimental  Inveetigation  into  the  Amount  of  Water  given  off  by  Plants 
^Hng  their  Growth,  eepeoially  in  relation  to  the  fixation  and  souroe  of  their 
Hcraa  oonstitiients.'^-Jonr.  Hort.  Soc.  Lond.  v.  88.    1850. 

^  1 


7)2  Oil  th''  lid  ill  fiiifl  D/'tiinaf/t'  -  ll'ifrrs  iif  Rothumfcd, 

cToppIiiiT,  as  the  clianu  tor  of  the  season  will  gro.itlv  affect  tb^ 
^rowtii  ol'  tli(*  <iop,  and  fonsec^uently  its  evaporating  power. 
The  evaporatin^r  power  of  a  crop  is  also  so  often  above  the 
aetual  rainfall  of  tin*  period  of  its  active  growth,  that  it  is  onlr 
occasionally  that  the  full  extent  of  this  power  is  manifested. 

We  must  now  conclude  this  section  with  a  word  regarding 
the  results  of  others  in  this  branch  of  inquiry. 

Dr.  Dalton,  as  far  back  as  ITIM),  constructed  a  percolation— 
pfau're,  consistini>:  of  a  cylinder  3  feet  deep,  filled  with  soil,  aniL 
sunk  in  the  ground  to  the  level  of  its  upper  edge,  arrangemPDti» 
being  rnach?  for  collecting  and  measuring  the  water  which  passf& 
through.     This   mode  of  experimenting   has   been  adopted  hy 
many  observers,  as  M.  Maurice,  M.  Gasparin,  Messrs.  Dickin^ 
son   and    I'^vans,  Mr.   Cireaves,    Prof.    Ebermaycr,   &c.*     It  L^ 
obvious  that  on  this  plan  the  soil  forming  the  dniin-gau^  i:^ 
moRj  loose  and   open   in  texture  than  the  natural  consolidated, 
soil  of  a  fu'ld,  tlius  admitting  a  freer  percolation;  pains  alsc"» 
have  seldom  been  taken  to  include  the  natural  subsoil  in  th«* 
p(»rcolation-cy Under,   which   has  generally  been   filled  entire!^" 
with   a   surfaces   soil.     The  surface  of  the  gauge  has  again  nL>t 
been   interfered   with,   and   has   speedily  become  covered  by    s» 
mass  of  «^rass  and  weeds.     The  evaporation  is  of  course  greatly' 
increased   by  the  jiresence  of  this  vegetation.     Dr.  Sturtevan  ^  •* 
of  Massachusetts,    instead   of  using  the  Dalton   gauge,  had     ^^ 
wooden   frame   driven    into  the   ground  to   the    desired  deptk"** 
thus  enclosing;  the  soil  and  subsoil  in  their  natural  conditioC*- 
()1   the  results  ohiained    by  the  Dalton  gauges  by  far  the  mo  iS-t 
extensive*  arc?  those  by  the  late  Mr.  Dickinson,  of  Nash  Mill  =», 
1  lemel  llein])stea(l,  Herts,  commencing  in  1836,t  and  latterly' 
continued    bv    Mr.    John    Li  vans ;    and    those    commenced  l^^ 
Mr.  C.  (jlreaves  at  Lee  l^ridge  in  1851,  and  carried  on  to  tl^* 
])reseiit   time.      W'c   shall   refer  to   the   results  of  these  exper  *-' 
menters   in  some  little  detail,  as  they  excellently  illustrate  tl'»  ^ 
influence  ot  a  crop  on  percolation  and  evaporation. 

Messrs.  Diikiii&on  and  Kvans  have  employee!  two  drai^^' 
gauges,  consirstiiiir  ot  cast-inm  cylinders  3  feet  in  depth,  ar»*^ 
18  incin's  in  dianu  ter;  one  is  fdled  with  the  surface  soil  of  tt*^ 
nei;rhl)<)urhoo(l,  tlie  other  with  fragments  of  chalk;  both  be-i*^ 
a  ii:rowth  of  ^rass.  Mr.  (ireaves's  drain-gauges  consist  of  tifc' *^* 
scpiare  boxes  ma(U^  of  slate,  3  feet  in  depth  and  3  feet  sqoar^  ? 


*  A  l'ri<f  iiuticr-  of  fb^  ifsults  of  Maurice,  Gnsjmrin,  Eljormayer, and od»e*^ 
with  a  -uiiiiiiary  ..f  tli'>.  olMiiiiutl  at  l{otham8to<l  up  to  that  date,  will  befra**" 
in   iln'  MiiiuhH  (»f  I'dcvi  diiigd  of  tlio  iDKtiiutiou  of  Civil  lingiueen,  Sei'**'** 


1^7 .")-•■,  vi-1.  \LV,  i-iC.l  iii. 

t  'III.'  n-ulis  ti-r  ili(    l]i>t  oi;:lit  yt-ftrs  will  be  found  in  the  volume  rf '^^^ 
^^M^llal  of  t!n;  \v^\a\  \iiv\ouUural  fciooicty'  for  l«45,  page  150. 
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;he8e  is  filled  with  sand  (such  as  is  employed  for  filter- 
issing  through  a  screen  of  33  No.  10  wires  in  6  inches) 
n  2  inches  of  the  top ;  the  other  with  a  mixture  of  soft 
lavel  and  sand,  trodden  in  and  turfed.  Mr.  Greaves  has 
auge  for  measuring  the  evaporation  from  a  water-surface, 
ng  of  a  taok  1  foot  in  depth,  and  having  an  area  of 
e  yard ;  this  tank  is  kept  afloat  in  a  flowing  stream, 
ik  contains  a  few  inches  of  water,  the  rise  or  fall  in 
s  ascertained  from  time  to  time.  This  is  probably  the 
^curate  method  of  determining  the  rate  of  evaporation 
iter  yet  adopted.  The  figures  we  shall  quote  are  taken 
o  papers  read  by  Mr.  Greaves  and  Mr.  Evans  before  the 
ion  of  Civil  Engineers,  February  29, 1876  ;  these  supply 
the  results  of  Mr.  Greaves  for  fourteen  years — 186()--73, 
►se  of  Mr.  Evahs  for  fifteen  drainage-years — 1860-1  to 
The  following  Table  gives  a  summary  of  Mr. 
's  results : — 

XXV. — Mb.  Gbeaves's  Results  respecting  Dbainaqb  and 
EvAPOBATiON,  average  of  14  Ykars,  1860-73. 


RainfaU. 

Drainage. 

Evaporation 

• 

Sand. 

Turfed  S.*ll. 

Sand. 

Turfed  Soil. 

Water. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches 

Inches. 

ry  ..      .. 

2-870 

2-734 

2-029 

0-136 

0-841 

0-761 

uy 

1-59G 

1-524 

1-085 

0  072 

0-511 

0-603 

1-936 

1-605 

0-879 

0-334 

1-060 

1  065 

1-4-28 

1-117 

0-275 

0-311 

1-153 

2-098 

2-056 

1-656 

O-IO.') 

0-400 

1-951 

2-753 

•  •  •           •  • 

2-205 

1  572 

0  156 

0-633 

2-049 

3-142 

1-774 

1-212 

0013 

0-562 

1-761 

3-443 

t    ..      .. 

2  332 

1-783 

0113 

0-549 

2-219 

2-850 

aber 

2-347 

1-737 

0071 

0-610 

2-276 

1-606 

>r   . . 

2-730 

2-402 

0-515 

0-328 

2-215 

1-056 

iber 

2-021 

1-963 

0-833 

0  058 

1-188 

0-707 

iber 

2-422 

1 

2-173 

1-:>J8 

0-249 

0-914 

0-574 

e  Year  .. 

25-720 

1 

21-478 

7-582 

4-242 

18-138 

20-658 

nass  of  sand  which  fills  one  of  the  percolators  supplies 
ime  example  of  a  soil  of  the  lowest  water-holding  and 
Y  power ;  the  rain  passes  through  it  without  hindrance, 
little  water  is  evaporated  from  the  surface  even  in  the 
>f  summer.  In  the  whole  year  the  quantity  calculated  as 
ted  amounts  to  but  4'242  inches.  The  true  amount  of 
tion  is  probably,  however,  greater  than  this,  as  it  is  not 
x>mmon  for  the  drainage  from  this  gauge  to  exceed  the 
owing,  as  Mr.   Greaves  supposes,   to   coudeii^^XiQiTL  o^ 
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water  directly  from  the  atmosphere.     Ttiu  ezeaM  of  dnilip 
over  rain  occurs  most  freqanitly  ia  Juiiurf  uid  PdMnrf. 

On  the  turfed  soil  the  amount  of  enporeticKi  bom  jMnurti 
March  ii  very  aimilar  to  that  obanred  <»  the  baie  nu  rt 
Rothamtted  ;  but  from  April  to  September — the  gnnnii(  mmi 
of  the  grass, — practically  no  drainage  t»kee  puiM^  naiirij  At 
whole  of  the  rainfall  being  eva|xnmted.  niihiagii  win  wis 
indeed  collected  in  July  and  Angtut  tmly  on  two^  in  Jaw  a 
three,  and  in  May  and  September  on  fear  oocmoODl  dmiactk 
fourteen  years.  The  average  amoanta  of  water  erapontadntM 
the  turf  during  summer,  winter,  and  the  whde  jeer,  vanAj, 
11-409,  6-731,  and  18138  iodie*,  are  rery  aimilar  to  Ao»^ 
noted  at  Rothamsted ;  they  are  ao,  howerer,  aimply  fimm  4"  i" 
very  moderate  amount  of  rainfall  mpplied  to  the  MiL  Ii  te^i* 
wet  summer  of  1860,  15-608  incnea  were  erapoealed  b^^* 
the  turf  in  six  months  ;  and  in  the  wet  seuon  of  1871;  A^^s 
evaporation  during  twelve  montha  reached  S5'141  imhti 
There  is  thus  but  little  constancy  in  the  amount  of  eT>.pigiti<»= — ■ 
which  depends  largely  on  the  unotint  of  rainfell,  ana  oa  di^Me 
activity  of  the  vegetation.  With  a  heavier  lainfiall  we 
doubtless  obtain  mor«  constant  figorea. 

The  figures  representing  the  eraporadon  from  a 
are  full  of  interest  The  avenge  nnimer  eraporation  is  II 
inches;  that  for  winter,  4*766  inches;  the  total  for  the 
20'658  inches.  The  amount  of  variation  ia  vetj 
In  1862  the  annual  evaporation  was  only  17'388  h 
hot  season  of  1868  it  reached  26-&38  incho.  Then  are 
obvious  reasons  why  the  evaporationtroma  water  aorfei 
be  more  variable  than  that  from  a  bare  aoiL  Oq  a  aile^ 
surface  sunshine  and  wind  must  always  prodnoe  their  full  sA^^ 
while  on  soil  evaporation  receives  a  check  as  soon  aa  die  sai&^* 
is  dried.  Another  disturbing  cause  in  Mr.  Giearc^e  driv*" 
minations  has  been  variable  cmidenmtion  from  the  alaao^ki^^* 
making  the  winter  evaporations  mpfeax  loww  diaa  Ih*^ 
really  are. 

Mr.  Evans's  experiments  an  even  more  striking  examples  of 
the  disturbing  action  of  v^etatioD  than  those  of  Mr.  Greave*- 
The  average  rainfall  during  fifteen  years  has  been  'iffbb  iocli<^ 
Throughout  this  period  the  absence  of  drainage  from  the  turtf" 
soil  during  the  summer  months  has  been  even  more  comp!'**' 
than  in  Mr.  Greaves's  experiments.  The  summer  draini^ 
from  the  turfed  soil  has  aveiaged  0-35  inch,  the  evaporsiio** 
12-12  inches.  The  winter  drauage  has  boen  5*23  incbet,  '^^ 
evaporation  7*85  inches.  Id  the  whole  drainage-year  th(  *<*^ 
rage  drainage  has  been  5*58  inches,  the  evaporation  19-97  incbc^ 
The  summer  evapoTati.on,hinieTci, actually  ranges  fr 
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*09  inches,  and  that  of  the  whole  year  from  13*20  to  26*55 
:be8.  This  wide  range  in  the  amount  of  evaporation  is  in 
rt  due  to  the  insufficient  supply  of  rain.  The  full  evaporating 
wer  of  the  turf  has  perhaps  not  yet  been  shown,  the  whole  of 
e  rainfall  having  been  evaporated  even  in  the  wettest  summer 
the  fifteen  years.  In  these  experiments  the  distribution  of 
e  rain  has  a  marked  effect  on  the  amount  of  drainage.  Rain- 
lls  not  sufficiently  heavy  to  penetrate  the  turf  are  probably 
aporated,  while  those  passing  the  turf  appear,  more  or  less,  as 
ainage. 

In  the  percolator  filled  with  chalk,  the  average  annual  drainage 
^  been  8*79  iqches,  and  the  evaporation  16*76  inches.  In  this 
se  the  soil  would  probably  be  less  compact,  and  the  growth  of 
ass  less  vigorous,  than  in  the  percolator  filled  with  arable  soil ; 
s  drainage  is  therefore  naturally  larger,  and  the  evaporation 
s. 

3.  Composition  of  the  Drainage  -  Waters. 

Before  giving  the  analyses  of  the  drainage-waters  obtained 
m  the  drain-gauges  at  Rothamsted,  it  will  be  well  to  state 
'  previous  manuring  of  the  soil,  and  what  is  known  respect- 
^  its  composition.  The  soil  forming  the  drain-gauges  was 
^viously  to  1870  under  ordinary  arable  cultivation.  In  1870 
^as  bare  fallow,  save  that  two  rows  of  barley  (manured  with 
lho)  were  sown  by  mistake  along  one  end  of  each  of  the 
ta  afterwards  isolated  as  drain-gauges.  In  1869  the  crop 
ft  i¥heat  unmanured.  In  1868  swedes  were  grown  with  guano 
I  superphosphate.  The  few  crops  immediately  preceding 
swedes  were  all  cereals,  grown  with  artificial  manures, 
^^rally  with  guano. 

[^he  soil  was  sampled  to  the  depth  of  54  inches,  while  lying 
>are  fallow  in  June  1870.  The  amount  of  nitrogen  found 
^«ch  successive  9  inches  of  dry  soil,  stones  removed,  was  as 
fen  in  Table  XXVI.  (p.  56). 

C^he  surface-soil  was  apparently  rather  richer  in  nitrogen 
O  the  ordinary  arable  soil  of  the  Rothamsted  farm,  the  first 
^ches  of  which  usually  contains  about  0*135  per  cent. 
besides  the  constituents  originally  present  in  the  soil  we  must 
^  in  mind  that  it  annually  receives  from  the  atmosphere  a 
^ain  quantity  of  matter  in  rain-water,  and  also  by  its  own 
feet  absorption.  Sulphates  and  chlorides,  witb  smaller 
ajitities  of  organic  matter,  ammonia,  and  nitrates,  are  thus 
ridarly  supplied.  As  a  large  portion  of  the  rain-water  is 
operated  after  falling  on  the  soil,  we  should  expect  to  find  in 
i  drain-water  some  of  the  constituents  of  the  rain  in  increased 
^portion ;  and  this  is  actually  the  case  wben,aa  \a  \^<&  Y^i^ieoX 
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menced.      The    drainage -water    was    collected    in    taccesnTe 
portions,  and  analysed  with  the  following  results : — 

Tablb  XXYII. — The  Amount  and  Composition  of  the  DBAiNAei- 
Watkb  obtained  in  Succbsbiyb  Extraots  from  an  Abablb  Soil. 


Wafcer 

Drainage- 
Water. 
Grams. 

Composition  of  Drainage-Water. 

put  on. 

Chlorine. 

Nitrogen  aa 

Nitric  Add. 

Per  MiUlon. 

Orama. 

Per  MUllon. 

Grain. 

50 

1068-5 

0*05348 

188-8 

0*00d42 

1000 

50 

2660 

0- 01330 

82-7 

000414 

50 

21-3 

0- 00106 

80 

0-00040 

100 

100 

none 

none 

1-7 

0-00017 

1100 

250 

•  • 

0- 06779 

■  • 

0-01413 

The  effect  of  the  rapid  percolation  of  water  through  a  drj 
soil,  free  from  cracks  and  fissures,  is  certainly  very  remarkable. 
From  the  7  lbs.  of  soil  experimented  on  more  than  three-quarters 
of  the  diffusible  salts  are  removed  in  the  first  50  cubic  centimetres 
(about  1^  fluid  oz.)  of  drainage- water,  and  almost  the  whole 
amount  of  the  diffusible  salts  is  obtained  in  the  first  150  cubic 
centimetres  of  drainage-water.  The  column  of  water  passing 
through  the  soil  thus  evidently  dissolved  the  chlorides  and 
nitrates  at  its  lower  edge,  and  kept  pushing  this  solution  before 
it  as  a  narrow  layer,  which  was  finally  expelled  in  the  fint 
portions  of  the  drainage-water. 

To  obtain  this  expulsion  of  the  diffusible  salts  in  so  small 
an  amount  of  drainage-water  it  is  essential  that  the  soil  should 
be  dry,  and  that  the  percolation  of  the  water  should  take  place 
rapidly.  The  experiment  just  quoted  was  intentionally  aided 
by  the  air-pump,  and  was  completed  in  less  than  4  boon. 
Another  experiment  will  illustrate  what  may  be  expected  to 
take  place  when  these  conditions  are  altered. 

A  column  of  soil  similar  to  that  just  described  was  M 
exhausted  of  its  own  chlorides  by  the  passage  of  water  throngh 
it ;  0*3843  gram  of  pure  chloride  of  sodium  (equal  to  334  lbs* 
per  acre)  was  then  dissolved  in  a  little  water,  and  poured  on  the 
surface  of  the  saturated  soil ;  after  standing  a  weeK,  percolatios 
was  commenced,  120  cubic  centimetres  of  water  being  placed 
each  day  on  the  surface,  and  about  the  same  amount  of  drainage- 
water  removed  below.     For  the  percolation  of  this  amount  of 
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without  the  aid  of  the  air-pump,  nearly  24  hours  were 
I.     The  results  were  as  follows : — 

LXVIJJL. — ^Results  of  Pkboolation  after  Chloride  of  Sodium 
had  heen  applied  to  the  Soil. 


Water 

Dndnage 
obtained. 

Chlorine  in  Drainage- Water. 

put  on. 

Per  Million. 

Grama. 

Onms. 

Grams. 

120 

1171 

none 

none 

120 

119-4 

none 

none 

120 

115  1 

none 

none 

120 

120-2 

43-8 

0-00527 

120 

115-3 

202-0 

0-02829 

120 

118-9 

476-0 

0-05659 

120 

114-0 

621-0 

0- 07079 

120 

128-4 

425-0 

0*05245 

120 

118-9 

158-0 

0-01879 

120 

1200 

89*8 

0-00478 

120 

119-4 

7-6 

0-00091 

1820 

1801-7 

• . 

0-23287 

»mmon  salt  applied  contained  0*23313  g^m  of  chlorine ; 
)e  seen  that  practically  the  whole  of  this  was  recovered 
rainage-waters. 

chief  cause  of  difference  between  this  and  the  former 
ent  is  the  far  greater  activity  of  diffusion  in  the  present 
.  The  chlorides  when  applied  in  solution  to  the  wet 
an  to  spread  downwards,  though  no  drainage  was  taking 
ad  at  the  end  of  a  week  had  made  such  prog^ss  that 
^s  of  percolation  sufficed  to  bring  chlorides  into  the 
^*water.  That  this  early  appearance  of  chlorides  was 
beir  previous  downward  diffusion  is  proved  by  the  small 
ion  of  water  at  the  surface  necessary  to  cause  this  appear- 
Had  the  chlorides  remained  at  the  surface  it  would  have 
[  the  application  of  850  grams  of  water  to  cause  their 
»n^  this  being  the  amount  of  water  necessary  to  displace 
er  already  held  by  the  soil ;  but  in  fact  the  chlorides 
>  appear  when  only  480  grams  of  water  had  been  applied. 
B  there  only  downward  diffusion  ;  upward  diffusion  was 
ive  during  the  11  days  of  percolation ;  and  consequently 
T  of  water  richest  in  chlorides  was  (oUo^ied  b^  ^  ^<Q)1v- 


60  On  the  Rain  and  Drainage  -  fVaters  at  Hothamtlai 

sid^rable  amount  of  drainage  containing  ciiloriHo  in  gmlmlW 
diminishing  proportion.  The  nett  rrsult  of  the  18  daji'  diffo- 
sion  was  that  it  required  1320  grams  of  water  to  expel  ittf 
chlorides  from  the  soil,  whereas  the  chlorides  were  expelled  ItJ 
onl^  1000  grams  of  water  in  the  previous  speedj'  percolstioa. 
The  chlorides  are  now  also  distributed  throughout  950  gr»m» 
of  drainage-water,  whereas  previously  the  whole  was  cnntiinM* 
in  150  grains," 

We  see  from  these  experiments  that  the  expuUiun  of  th^s 
diffusihle  salts  from  a  soil  is  effected  most  reaililj  whea  ih^^ 
percolation  is  rapid  ;  that  consequently  a  heavy  rainfall,  occur^ — ■ 
ring  in  a  few  days,  is  far  more  dangerous  in  this  respect  tli»«^^ 
the  same  rainfall  spread  over  a  month.  We  see  also  that  bo.  '^ 
for  the  action  of  diffusion,  and  other  causes  tending  in  the  wh)^^ 
direction,  the  soluble  salts  contained  in  a  soil  would  desceac^ 
on  the  application  of  rain  in  a  well-defined  band,  anil  b^^ 
suddenly  discharged  in  the  drainage-water;  whereas  in  fatt 'li^^ 
diffusion  always  going  on  in  a  moist  soil  tends  to  distribul^* 
the  chlorides  and  nitrates  equally  throughout  the  mass  of  soit  - 
and  thus  produces  a  considerable  uniformity  in  the  composition^- 
of  the  drain  age- water.  Evidence  of  the  existence  of  bands  "^ 
saline  solution  in  the  soil  will,  however,  be  fnuod  when  w^^ 
have,  by  and  hye,  to  consider  the  drain  age- waters  obtained  &ot^*! 
manured  land. 

A  word  must  next  he  said  on  some  percolation  csperiment  -=* 
in   which   nitrate   of  sodium    was    applied  to    the    soil;   thes^^ 
illustrate  afresh   the   faets  just  pointed   out,  and  at  the  «ain^^ 
time  exhibit  some  special  relations  of  nitrates  with  mjiI,  whie^B 
we  shall  do  well  to  bear  in   mind.     The  first  experiment** — ^ 
strictly  comparative  with  that  made  with  chloride  of  tod'n^^; 
just  described ;    the  two  experiments    were    indeed  condui*^*-" 
aide  by  side,  and  in  precisely  the  same  manner.     The  qOMi(il_^ 
of  pure  nitrate  of  sodium  employed  was  O-SSSS  gram  (equ»l  t^' 
Mitlbs.,  or  80  lbs.  of  nitrogen,  per  acre),  the  exact  cheinic»J 
equivalent  of  the  chloride  of  sodium  used  in  the  coinpar»<i»**^ 
experiment.      The  saturated    soil    was  allowed   to  ttnnd  (of  ■ 
week  after  the  application  of  the  nitrate  ;  successive  quantitir-i" 
water  were  then  placed  on  the  surface,  and  the  drainnge-wslff 
obtained  collected  and  analysed,  yielding  the  results  gireo  m 
Table  XXIX, 

It  was  observed  in  making  the  third  extract  that  the  "»It 
had  begun  to  percolate  more  slowly  than  in  the  expcrjniert  m 

*  Tbe  lard;  expulsion  of  die  oLlnridc*  frnm  a  wst  eciil  niu  prol«bty  ilvun"^       i 
io  [mrt  by  otliur  ciiiueB  beiidn  -■'-"-"-   '  -■  -'  -■    ■— 

•uffiou  for  our  [nBent  pvrpigaii. 
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XXIX. — Bbsults  of  Pbbcolation  after  Nitbatb  of  Sodium 
had  been  applied  to  the  Soil. 


Water  pat 

ou. 

GruDB. 


DrainAge 
obtained. 
Grams. 


120 
120 
120 
120 
120 
120 
120 
120 
120 


1080 


116*4 
118-7 
970 
1340 
126 
120' 
120' 
117 
118 


3 

•4 

'6 

2 

9 


1069-5 


Nitrogen  as  Nitrates  and  Nitrites 
in  Drainage- Water. 


Per  MiUion. 


none 
none 
none 
none 

9-0 
57 
72- 
20' 

0- 


3 
6 
0 
5 


Grams. 


none 

none 

none 

none 
000114 
00690 
00876 
00234 
00006 


0 
0' 
0- 
0- 


0-01920 


ss  at  the  side  with  chloride  of  sodium  ;  this  resistance  to 
ssage  of  water  increased,  so  that  by  the  fifth  extract  the 
Ltion  of  120  cubic  centimetres  of  water  occupied  twice  the 
Kjuired  in  the  experiment  with  chloride  of  sodium.  The 
>f  this  retardation  was  quite  apparent ;  large  transverse 

filled  with  gas,  had  formed  in  the  soil,  the  largest  being 
three  inches  below  the  surface  ;  no  such  cracks  appeared 
chloride  of  sodium  percolator. 

:uming  to  the  analyses  of  the  drainage- water,  we  see  that 
i  did  not  begin  to  appear  until  the  fifth  extract,  that  they 
I  their  maximum  in  the  seventh  extract,  and  were  all 
d  at  the  ninth.  The  nitrates  thus  appeared  later  than 
orides,  and  ceased  sooner ;  the  nitrates  were  spread  over 
tracts,  while  the  chlorides  occupied  eight.  Nitrites  were 
in  the  drainage- water. 

whole  of  these  facts  find  their  explanation  when  we 
i  the  quantity  of  nitrate  recovered  in  the  drainage.  The 
of  sodium  employed  contained  0*09198  gram  of  nitrogen  ; 
only  0*01920  g^am,  or  20*9  per  cent.,  was  recovered  in  the 
re-water.  It  will  be  recollected  that  in  the  corresponding 
aent  with  chloride  of  sodium  practically  the  whole  of  the 
e  was  recovered.  How  has  this  serious  loss  of  nitric  acid 
d  ?  Clearly  by  reduction  of  the  nitrates  in  a  water-logged 
«titute  of  free  oxygen.  This  reduction  in  question  has 
Fected  by  the  organic  matter  of  the  soil,  and  has  resulted 
formation  of  carbonic  acid  gas.  A  part  of  the  nitric  acid 
»bably  been  reduced  to  ammonia,  while  a  considerable  part 
oitrogen  has  most  likely  taken  the  form  of  nitrogen  gas. 
>il  employed  was  by  no  means  rich  in  organic  uvoXtfix  \ 


62 


On  the  Rain  and  Drainage  -  Waters  at  Rothanuied. 


but  the  perfect  consolidation  of  the  soil,  the  removal  of  air  bj 
the  pump  when  water  was  first  poured  on,  and  the  fact  that  the 
soil  was  always  afterwards  covered  with  water,  aflTorded  op- 
portunity for  the  consumption  of  all  available  oxygen,  and 
then  for  the  reduction  of  the  nitrates  present.  The  experiment 
was  conducted  in  April;  the  temperature  was  therefore  not 
high. 

To  confirm  these  results,  the  soil  already  treated  with  chloride  of 
sodium  was  made  use  of  for  a  second  experiment  with  nitrates. 
The  quantity  of  nitrate  of  sodium  used  was  double  that  pre- 
viously employed.  Instead  of  waiting  a  week  after  the  applica- 
tion of  the  nitrate,  percolation  was  started  a  few  hours  after  its 
addition  to  the  soil ;  less  opportunity  for  reduction  was  thus 
afforded.     The  results  are  as  follow  : 

Table  XXX. — Eesttlts  of  Peboolation  after  a  Double  QuAimTT 
of  NiTBATE  of  Sodium  had  been  applied  to  the  Soil. 


Water  put 

Drainage 

onu 

obtained. 

Qruna. 

Orams. 

120 

118-3 

120 

117-2 

120 

112-2 

120 

126  0 

120 

126-7 

120 

119-9 

120 

119-9 

120 

119-5 

120 

120-7 

120 

122-4 

120 

115-1 

1320 

1317-9 

Nitrogen  as  Nitrates  and  Nitrites, 
in  Drainage- Water. 


Per  MUlion. 


none 
none 
none 
none 
7-6 

119 

288' 

294 

136 
11 
0- 


Grams. 


3 
3 
8 
2 
9 
8 


none 

none 

none 

none 
0-00096 
0- 01430 
03457 
03523 
01644 
00146 
00009 


0 
0 
0 
0 
0' 


0-10305 


The  development  of  cracks  in  the  soil,  the  retardation  of 
drainage,  and  the  production  of  nitrites  were  observed  as  before. 
The  nitrate  of  sodium  employed  had  contained  0*18396  gram  of 
nitrogen ;  of  this  0' 10305  gram,  or  56  per  cent.,  was  recovered  ifl 
the  drainage-water.  The  absolute  loss  was  really,  howefer, 
rather  larger  than  in  the  previous  experiment  with  half  the 
quantity  of  nitrate  ;  the  loss  then  was  0*07178  gpram,  while  not 
it  amounted  to  0*08091  gram  of  nitrogen. 

The  reduction  of  the  nitrates  in  soil  to  ammonia  and  gaseous 
nitrogen,  when  oxygen  has  been  excluded,  has  been  observed  bj 
Schloesing  *  and  others ;  the  fact  is  of  considerable  agricaltuni 
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rtance,  as  showing  the  loss  of  nitrates,  and  even  of  soil 
gen,  which  may  occur  in  ill-drained  soils  in  wet  weather, 
e  will  now  turn  to  the  composition  of  the  drainage-waters 
ned  from  the  soils  of  the  three  drain-gauges.  The  first 
I  of  analyses  was  made  by  Dr.  Frankland ;  the  analyses 
mblished  in  the  ^  Sixth  Report  of  the  Rivers'  Pollution 
mission,  1874,'  p.  62.  The  results  appear  in  Table  XXXI. 
r.  Frankland's  analyses  relate  to  samples  of  drainage-water 
cted  from  all  three  gauges  on  five  different  occasions ;  on 
occasion,  except  the  last,  drainage  was  taking  place  pretty 
f  when  the  collection  was  made. 

le  first  collection  (Nov.  20-23,  1870)  was  made  about  two 
hs  after  the  gauges  were  completed.  The  summer  had 
a  very  dry  one.  No  considerable  drainage  had  taken 
)  before  the  collection  of  the  samples  ;  this  was  especially 
in  the  case  of  the  40  and  60-inch  gauges.  The  waters 
rsed  were  clear. 

le  second  collection,  December  15-17,  1870,  was  about  a 
h  after  the  first ;  in  the  interval  between  the  two  collections 
»derate  amount  of  drainage  had  occurred.  The  waters 
'^sed  were  all  turbid. 

le  third  collection,  Oct.  30-31,  1872,  occurred  about  two 
i  after  the  first.  The  preceding  summer  had  been  very  dry, 
)etween  two  and  three  inches  of  drainage  had  occurred  in 
ber  before  the  collection  of  the  samples.  The  waters  were 
tly  turbid. 

le  fourth  collection,  February  25-26,  1873,  was  made  under 
different  circumstances.  The  preceding  four  months  had 
IS  case  been  very  wet,  about  12  inches  of  drain- water  having 
t  through  the  20-inch  gauge.  The  waters  collected  arose 
the  melting  of  snow ;  all  were  turbid, 
le  fifth  collection,  April  2-30, 1874,  was  a  mixture  of  all  the 
ings  during  one  month.  Drainage  was  pretty  continuous 
ghout  the  month,  though  at  a  very  gentle  rate,  barely  one- 
of  an  inch  having  been  collected  from  the  20-inch  gauge, 
preceding  winter  had  been  dry.  The  water  from  the  20-inch 
s  was  slightly  turbid  ;  the  others  were  clear. 
le  first  three  collections  are  thus  autumn  drainage-waters, 
^receding  summers  having  been  dry.  Nitrification  had 
tless  been  active  in  the  upper  layer  of  the  soils  during  the 
ler  months ;  but  as  very  little  drainage  had  occurred  the 
tes  produced  had  not  been  to  any  considerable  extent  re- 
d  by  rain.  These  drainage-waters  were  consequently  all 
M)ncentrated  character,  aild  particularly  rich  in  nitrates. 
le  fourth  collection,  on  the  other  hand,  was  made  towards 
lose  of  a  remarkably  wet  winter,  when  the  soil  had  V^e^xi 
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1  by  the  percolation  of  a  large  amount  of  water.  The 
ge-water  now  was  less  concentrated  than  before,  and  was 
illy  poor  in  nitrates. 

\  fifth  collection  was  in  spring,  at  the  end  of  a  dry  winter, 
ite  of  drainage  having  been  very  slow,  the  water  doubtless 
snted  the  general  discharge  of  the  soil,  and  owed  but  little 
^ct  channel  drainage.  The  water  is  seen  to  be  much  more 
itrated  than  that  obtained  at  the  fourth  collection,  but  does 
ual  in  this  respect  the  three  autumn  drainage-waters, 
king  at  the  analyses  generally,  we  see  that  ammonia  is 
absent,  or  occurs  in  very  small  quantity.  The  amount  of 
c  matter  dissolved  in  the  water  is  but  small ;  it  is  increased 
the  water  is  turbid  ;  it  is  in  all  cases  highly  nitrogenous, 
lean  ratio  of  organic  nitrogen  to  carbon  in  the  drainage- 

from  the  three  gauges  is  1 :  2*6,  1 :  2*9,  and  1 :  3*1,  the 
tion  of  carbon  apparently  increasing  with  the  depth  of  the 
This,  however,  can  hardly  be  established  as  a  fact  from 
w  analyses  now  before  us.  The  proportion  of  carbon 
lest  in  the  turbid  waters ;  the  mean  ratio  of  nitrogen  to 

in  the  six  turbid  waters  being  1  :  3'3,  and  in  the  nine 
r  slightly  turbid  waters  1 :  2*6.      Turbidity  in  a  drainage 
s  a  sign  that  direct  channel  drainage  has  occurre<l,  matter 
brought  immediately  from  the  surface. 
E.  J.  Mills  has  already  called  attention  ('  Trans.  Chem. 
1878,  p.  64)  to  the  constancy  of  the  relation  between  the 
;n  and  carbon  of  the  organic  matter  found  in  clear  well- 
*ainage-waters.     He   considers   that   the   slow    oxidation 
organic  matter  undergoes  in   a  soil   finally  reduces  all 
)f  organic  matter  to  a  few  simple  compounds,  in  which 
bon  and  nitrogen  have  the  relation  C,2 :  N;„  C,a :  N^,  or  Cj^ : 
1  the  drainage-waters  we  are  now  considering  the  com- 
n  of  the  organic  matter  corresponds  with  the  second  of 
>ve  ratios.      The  gradual  increase  in  the  proportion  of 
n  contained  in  the  organic  matter  as  oxidation  in  the  soil 
is,  is  strikingly  shown  by  the  determinations  of  carbon 
rogen  which  have  been  made  in  the  Rothamsted  soils.     In 
face  soil  (first  9  inches)  of  pasture  land,  with  roots  as  far 
lible    removed,  the   proportion  of  nitrogen  to  carbon  is 
. :  13.      In  the  clay  subsoil  of  the  same  land  (fifth  and 
^  inches)  the  proportion  is  about  1:6.      In  the  soluble 
;  matter  contained  in  drainage-water  we  have  just  seen  that 
^portion  reaches  1  :  2*6.     Respecting  the  nature  of  these 
nous  organic  bodies,  and  the  part  they  possibly  play  in 
utrition,  very  little  is  at  present  known, 
chlorides  found  in  the  first  two  analyses  greatly  exceed 
imt  any  quantity  subsequently  found ;  this  large  propor- 
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tion  of  chlorides  was  pi'obabl^  due  to  the  previoas  maounn^ 
with  guano.  The  amount  of  lime  present  in  the  waien  *ii* 
considerable,  as  shown  hy  the  "  hardness."  In  the  UUt  annljK^ 
the  total  solid  matter  is  chiefly  made  up  of  calcium  mIh-— 
nitrate,  sulphate,  and  carbonate  ;  alkali  salts  must  also,  buvteicr^ 
have  been  present  in  considerable  quantity'.  In  the  patlie-*' 
samples,  the  alkali  salts  form  the  largest  ingredient ;  at  leail  tti«J 
calcium  salts  can    arcount    for    only  a  small  part  of  the  soli.** 

If  we  compare  together  the  drainnge- waters  from  the  ihrc^ 
gauges,  wc  see  that  as  far  as  the  total  solid  matter  and  nitrati?^ 
are  concerned,  the  drainage  from  the  40-inch  gauge  is  weakffi" 
than  from  either  of  the  others,  the  order  of  strength  is  in  facrt 
20,  60,  40,  This  comparatively  low  proportion  of  nitrates  io 
the  drainage  from  the  40-inch  gauge  is  shown  in  the  fits' 
asalysis  made  in  ISTO,  and  is  equally  shown  in  nearly  all  the' 
analyses  that  have  been  made  since  ;  the  cause  must  apparcatl^y^ 
be  sought  in  some  original  difference  in  the  soil  forming  this  g»B^- 

We  pass  now  to  the  more  recent  analyses  of  these  drainage- 
waters.  Since  September,  1874,  a  sample  has  been  taken  froiD 
the  drainage  of  each  day,  and  mised  monthly  samples  prepared 
representing  the  drainage  from  each  gauge.  It  being  uncertiui*- 
whether  the  samples  could  be  analysed,  the  sampling  was  at  first 
roughly  done;  but  since  May,  1877,  a  fixed  fraction  of  encb 
day's  running  has  been  carefully  taken,  so  that  the  miie** 
monthly  sample  might  exactly  represent  the  whole  drainiig«- 
The  earlier  samples  were  not  examined  till  the  spring  of  11<77, 
owing  to  the  lack  of  analytical  assistance  in  the  Laboratory.  \' 
that  time  many  of  the  samples  were  found  to  be  ill  proservrJ» 
and  had  to  be  liiscarded  ;  determinations  of  nitric  acid  wcf* 
then  made  in  the  remainder.  Since  May,  1877,  determination* 
of  nitric  acid  and  of  chlorine  have  been  made  as  soon  »* 
possible  after  the  completion  of  the  monthly  sample.  ll  •* 
obvious  that  the  analyses  of  the  earlier  samples  do  not  piiiae** 
the  same  quantitative  value  as  those  more  recently  done;  v<^ 
aball  give,  however,  in  a  separate  table  (XXXI!.)  the  amoaot* 
of  nitrogen  as  nitric  acid  foun<l  in  the  best  preserved  sample^ 
in  the  earlier  series,  as  tliey  serve  to  illustrate  some  fama  cot*' 
nected  with  these  drain  age- waters.  The  nitric  acid  baa  in  *^ 
cases  been  determined  by  the  improved  indigo  method  ('Trat**- 
Chem.  Soc.,'  1879,  p.  578),  and  the  chlorine  by  the  volumetri* 
method  already  noticed. 

The  drain-gauges  did  not  run  during  June  and  July  187t>> 
and  If)  a  scarcely  appreciable  extent  in  May  of  the  same  T6sr. 

Two  facts  are  pretty  clearly  shown  by  these  somcwh»^OT^i 
connected   determinations.      1.  Thai  the  maximum  rii^a^^^H 
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itB  XXXII. — Nitrogen  as  Nitric  Acid  in  some  Mixed 
[oMTHLT  Samples  of  Drainage- Water  from  the  three  Drain- 
AUGBS,  1874-77. 


Drainage  in  Inches. 

Nitn>gen  as  Nitric  Acid  per 
Million  oi  Water. 

MOVTUS. 

20-Inch 
Gauge. 

40  Inch 
Gauge. 

60- Inch 
Gauge. 

20-Inch 
Gauge. 

40lnch 
Gauge. 

60  Inch 
Gauge. 

1874. 

1 

emlier 

•l>er       

smber 

dniber 

0  634 
1-525 
1-209 
1-155 

0-249 
1-258 
1045 
1-340 

0-212 
1-024 
0-687 
1039 

25-5 
39-6 

•  • 

•  • 

20-0 
30-5 

•  • 
a  • 

15-1 
22-5 
20-0 
23-2 

1875. 

1     

ember 

0-349 
3-292 
0-001 
0-890 

0-262 
3-661 
0-025 
0-829 

0-140 
3-346 
0-(i30 
0-7U7 

25  1 
26- 1 

38-3 

23-5 
21-6 
20-9 
26-7 

22-6 
22-8 
23-8 
25-9 

1876. 

:'li        

1 

U«t       

^mbcr 

imber 

1-288 
1-360 
0-146 
2-296 
5-212 

1-745 
1-664 
0-141 
2-236 
5-741 

1-585 
1-720 
0-025 
20*1 
5-252 

9-3 

22-0 

25-2 

9-8 

10-9 
11-5 
18-7 

lo'o 

14-6 
12-2 

19-8 
11-5 

1877. 

^iuy — April 

7-003 

8-467 

7-930 

8-1 

1 

91 

12-0 

*«te8  occurs  in  the  early  autumn  drainage,  the  proportion 
finishing  through  the  winter,  and  reaching  a  minimum  in 
Lng.  2.  That  in  early  autumn  the  drainage  from  the  20-inch 
Lge  is  richest  in  nitrates,  but  that  in  late  winter  and  spring 
drainage  from  the  60-inch  gauge  becomes  generally  the 
Xtsi,  These  two  facts  will  be  found  further  illustrated  by  the 
re  recent  analyses  recorded  in  Table  XXX IV.  (p.  72)  ;  they 
tiit  of  ready  explanation.  The  summer,  as  already  mentioned, 
lie  season  when  nitrates  are  most  abundantly  produced  in  the 
face  soil  ;  but  little  drainage  occurs  in  summer  time,  owing 
the  high  rate  of  evaporation  ;  the  nitrates  therefore  accumu- 
^in  the  soil.  In  the  autumn  drainage  becomes  active,  and  the 
3hing-out  of  the  nitrates  commences  ;  the  first  drainage  is  not, 
*^ever,  always  the  strongest,  as  the  nitrates  are  most  abundant 
the  surface,  and  must  be  displaced  by  rain,  and  allowed  time 
'  diffusion  before  they  can  appear  in  quantity  in  the  drainage- 
^ter.  The  drainage  from  the  shallowest  soil  is  the  first  to 
ow  a  maximum  contents  of  nitrates,  because  the  anvovxwX.  oS. 

¥  1 
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displacement  and  diflitsion  required  to  bring  the  nitrates  within 
the  area  of  discharge  is  here  the  smallest;  for  the  verjr  imif 
reason  the  shallowest  soil  is  also  the  most  quickly  wtished  uut, 
while  the  deepest  soil,  having  a  larger  mass  available  for  ihc    | 
diffusion  of  the  nitrates,  parts  with  them  more  equably.  I 

Before  considering  the  more  complete  series  of  montU*" 
analyses,  extending  from  May,  1877,  to  the  present  time,  it  ttiVm 
be  convenient  to  give  the  results  obtained  in  March  and  Aprift^ 
1879  (Table  XXXIII.),  when  a  detailed  examination  was  mad^ 


the  60-Inch  Deain-Gacob  in  March  and  Apku^  1879. 
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of  the  runnings  from  the  60-inch  g; 
heJp  to  interpret  the  remainder. 
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rhe  winter  of  1878-9  had  been  extremely  wet,  and  the  drain- 
i  collected  up  to  the  middle  of  February  far  exceeded  the 
rmal  quantity.  March,  however,  was  dry,  so  that  the  drain- 
ages almost  ceased  running,  and  it  was  necessary  in  the 
^nt  case  to  allow  the  drainage-water  to  accumulate  for  two  or 
"ee  days  in  order  to  obtain  sufficient  for  analysis.  The  rain 
tlited  to  March  24-26  was  really  snow,  which,  having  thawed, 
8  measured  on  the  last  of  these  days.  The  snow  on  the  soil  of 
'  drain-gauge  would  melt  later.  In  April  the  amounts  of  rain 
i  drainage  were  much  more  considerable. 
The  anidyses  of  the  drainage-waters  during  March  display  a 
siderable  amount  of  uniformity.  The  more  considerable 
IS,  namely,  those  of  the  10th,  14th,  26th^  and  30th,  do  not, 
ept  in  the  last  instance,  appreciably  increase  the  amount  of 
inage,  but  they  have  all  a  more  or  less  distinct  effect  in 
porarily  diminishing  the  proportion  of  nitrates  in  the 
tnage-water. 

^he  results  obtained  in  April,  with  greater  rainfalls,  are  much 
'e  striking.  Here,  as  before,  small  rainfalls,  as  those  of  the 
»  9th,  19th,  20th,  23rd,  and  25th,  have  a  very  slight  effect  on 
eunount  of  drainage,  but  each  of  them  temporarily  diminishes 

nitrates  in  the  drainage-water,  in  some  cases  to  less  than 
'  their  usual  quantity.     Larger  rains,  as  those  of  the  6th  and 
1,  increase  the  quantity  of  drainage  as  well  as  diminish  the 
portion  of  nitrates, 
w  study  of  these  results  plainly  shows  that  the  dry  weather 

wet  weather  drainages  from  the  soil  were  quite  distinct  in 
position.    In  dry  weather  a  small  discharge  took  place  from 

lowest  layer  of  the  5  ft.  of  soil,  which  alone  remained 
rated ;  this  drainage-water  contained  pretty  uniformly 
ng  the  period  of  the  experiment  about  15  parts  of  nitrogen 

million  in  the  form  of  nitrates.  When  a  small  rainfall 
irred  the  quantity  of  the  discharge  was  scarcely  increased, 

it  became  considerably  diluted,  the  drainage  from  the 
98t  layer  of  soil  being  now  mixed  with  rain-water,  which 

come  through  open  channels  directly  from  the  surface. 
h  a  heavier  rain,  pressure  was  brought  to  bear  on  the  water 
mn  in  the  soil,  and  the  discharge  from  the   lowest  layer 

then  much  increased,  but  diluted  as  before  with  direct 
mel  water. 

kHother  instance  of  the  same  character  may  be  quoted.  The 
nage  from  the  20-inch  and  60-inch  gauges  was  collected 
1  on  the  morning  and  evening  of  January  14th,  1879  ; 
ireen  the  two  collections  a  thaw  of  snow  had  taken  place. 
5  nitrogen  existing  as  nitric  acid  per  million  of  water  was  as 
ows: — 


On  the  Bain  and  Brmna^  -Wttm  m  MinUi ' 


Morning  OeDactioB  .. 
ETenlng 


••7 


e-s 


We  have,  therefore,  to  bear  in  mind  that  the  stronjW 
drainage- waters  are  those  obtained  after  rain  has  ceased ;  wl 
that  the  composition  of  the  drainage-water  may  be  considerihh 
influenced  by  the  varying  amount  and  distribution  of  the  rain; 
the  rain  applied  to  the  surface  of  a  soil  not  simply  displafui; 
the  water  below,  but  in  part  procew^ing  directly  to  the  area  of 
discbarge  through  the  open  channels  of  the  soil. 

The  results  of  the  analyses  of  the  mixed  monthly  samplMof 
drainage-water  since  May  1877  will  be  found  in  Table  XXXIV. 
(p.  72).  The  amounts  of  monthly  drainage  there  given  will 
be  found  in  a  few  cases  nnt  to  correspond  with  those  found 
in  Table  XIX.  (p.  34).  Thus  the  amounU  credited  to  ibp 
40-and  60-inch  gauges  in  April  1878,  and  to  the  20-inch  ging^ 
in  February  1879,  are  in  excess  of  the  numbers  previously  giren- 
The  quantities  now  staled  are  the  actual  aoiounts  of  drainig*^ 
passing  through  the  soil  ;  but,  as  already  esplained  (p.  i^^lv 
they  are  known  to  be  excessive  in  these  particular  cases  froii» 
accidental  circumstances,  and  were  therefore  corrected  in  ll** 
earlier  table.  Such  ctirrections  are  here,  however,  inndmissiblpv 
as  our  object  is  to  ascertain  the  total  quantity  of  nitric  sciA 
extracted  from  the  soil.  In  the  case  of  August  \^1\\  the  qiu»-~ 
tity  of  drain  age- water  sampled  for  analysis  from  all  the  gaop^ 
was  less,  and  in  the  case  of  the  00-inch  gauge  much  less,  lbir> 
that  quoted  in  the  table ;  owing  to  the  loss  of  part  or  all  th«? 
water  belonging  to  the  storm  of  August  2-3.  The  detcnnin*^ 
tions  of  nitrates  and  chlorides  for  this  month  arc  consequently 
somewhat  above  the  truth,  the  water  analysed  being  9lron(T* 
than  the  whole  drainage  of  the  month  ;  the  ernir  will  be  Im** 
with  the  20-inch,  and  most  with  the  60-inch  gauge. 

In  January  1880,  we  were  disagreeably  surprised  by  fiodingl 
a  large  worm  come  through  the  tap  of  the  measuring  cylinilfr »» 
the  20-iuch  gauge.  On  testing  the  drainage- waters  for  anuiiwi^ 
a  considerable  quantity  was  found  in  the  water  from  this  f:vi^-* 
and  a  small  quantify  in  that  from  the  60-inch  gauge,  but  none  i<^ 
that  from  the  40-inch  gauge.  The  fronts  protecting  the  funnrl* 
were  then  taken  down.  A  number  of  dead  worms  were  fooo** 
on  the  funnel  of  the  20-inch  gauge,  and  many  worm  castsdrow'* 
from  the  perforations  in  the  roof.  On  the  funnel  of  tfae  ^BHtH 
gauge  two  wonirt  were  toanA.   T\iet\H- — '  -'-»--  m  :.^i.^^^ 
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s  clean.  The  whole  of  the  funnels  and  collectors  were 
^xonghly  cleaned.  Since  this  time  a  careful  examination  of 
t  funnels  has  been  made  on  the  first  day  of  each  month.  In 
^enteen  months  one  or  more  small  worms  have  four  times 
STX  found  on  the  funnel  of  the  20-inch  gauge,  and  worm  casts 

seven  occasions.  On  the  funnel  of  the  40-inch  gauge  a  worm 
^s  found  twice,  and  a  slug  three  times.  The  funnel  of  the 
—inch  gauge  has  remained  uniformly  clean.     The  ammonia 

^he  waters  disappeared  immediately  after  the  cleansing  of  the 
mels  in  January. 
The  fact  that  the  drainage-water  from  two  of  the  gauges  was 

one  time  plainly  contaminated  with  decaying  animal  matter 
iturally  suggests  a  doubt  as  to  the  nitric  acid  determinations 
I  these  waters.  Has  the  nitric  acid  found  been  due  to  any 
^nsiderable  extent  to  the  nitrification  of  this  animal  matter? — 
^d  are  the  quantities  of  nitric  acid  consequently  higher  than 
lose  of  normal  drainage-water  ?  We  believe  that  the  consider- 
^fe  invasion  of  worms  during  the  early  winter  of  1879-80  was 
■pecial  occurrence,  the  severity  of  the  frost  causing  the  worms 
descend  further  than  usual  in  the  soil.  The  drainage-waters 
^e  frequently  been  tested  for  ammonia  (by  direct  application 
(be  Nessler  test)  both  before  and  after  this  occurrence,  but 
^aj^s  with  negative  results.  Again,  during  the  last  seventeen 
i^^Iis,  in  which  the  funnels  and  collectors  have  been  kept  as 
^x^  as  possible,  the  amounts  of  nitric  acid  found  have  not 
^^n  any  diminution  ;  indeed,  during  September  1880  a  larger 
^^ty  of  nitric  acid  was  obtained  in  the  drainage  than  in  any 
^^^^ding  month  as  yet  recorded.  While,  therefore,  it  seems  pos- 
^  that  the  nitric  acid  found  in  the  drainage-water  of  the 
i^^^ch  gauge  may  have  been  rather  abnormally  high  during  the 
^^r  of  1879-80,  we  are  not  disposed  to  think  that  the 
^^^1  bearing  of  the  results  has  been  disturbed  by  the  occa- 
^^.1  presence  of  worms.  It  must  also  be  recollected  that 
^^Xal  life  is  present  in  all  soils,  indeed,  often  to  a  far  greater 
'^^t  than  is  usually  imagined,  and  that  the  nitrification  of  the 
^^Xonia  resulting  from  decaying  animal  matter  is  therefore  not 
^^normal  occurrence,  but  one  of  the  ordinary  sources  of  the 
*ic  acid  in  drainage-water. 

^^e  have  just  stated  that  ammonia  is  not  a  usual  constituent 
^lie  drainage- water  from  the  gauges.  The  waters  have  also 
'^  from  time  to  time  examined  for  nitrous  acid,  but  nothing 
^Ond  a  minute  trace  has  ever  been  found.  The  process  of 
*^fication  in  the  soil  is  clearly  very  complete. 
-Turning  now  to  the  determinations  recorded  in  Table 
^XIV.  (p.  72)  we  shall  at  once  remark  the  much  lower 
^ouQt  of  nitric  acid  contained  in  the  drainage  (touv  \\ie  4.^\w^ 
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in  the  Monthly  Drainage- Watebs  from  the  Thbse  Dbain-Qauoes. 
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gauge,  as  compared  with  that  foand  in  the  drama|^  (mm  tht 
other  gauges.  Taking  the  average  composition  of  ihi-  wWe 
of  the  drainage  from  the  three  gauges  during  four  yean,  we 
have  for  the  20-iach  gauge,  118;  for  the  40-inch  gsogti 
8-9;  and  for  the  tiO-inch  gauge,  11-5  parts  of  nitrogenu 
nitrates  per  million  of  water,  'I'hts  considerable  deficienej of 
nitrates  in  the  drainage  from  the  40-inch  gauge  is  appdrent  in 
Frankland's  earliest  analyses  of  these  d  rain  age- waters :  it  " 
probablj',  therefore,  due  to  some  original  difference  in  the  com- 
position of  the  soils,  No  snch  difference  is  perceived  in  tbt 
proportion  of  chlorides  contained  in  the  three  drainage-wattn, 
which  average  3-9,  3'9,  and  38  parts  of  chlorine  per  milliun. 

There  is  not  much  regularity  of  sequence  visible  in  tbe  pm- 
portion  of  nitrates  and  chlorides  found  from  month  to  montb  in 
the  drain  age- waters,  and  still  less  in  tbe  weights  of  niiragrn 
and  chlorine  removed  monthly  from  the  soil  in  this  uimiiki. 
The  conditions  suitable  for  nitrification — the  temperature  snd  hu- 
midity of  the  soil — have  varied  extremely  ;  the  monthly  amiinnU 
of  drainage  have  varied  quite  as  much.  Both  the  prwlunliwi 
and  removal  uf  nitrates  have  thus  proceeded  very  irregularlj. 
A  reference  to  Table  XV,  will  show  that  the  supply  of  chloriJa 
in  the  rain  has  been  equally  irregular.  The  series  !s  too  «))"« 
for  these  irregularities  to  disappear  by  taking  an  average  of  the 
monthly  results  ;  we  must,  therefore,  confine  our  atteiitiun  (u  >- 
few  principal  points. 

The  two  facts  we  have  already  pointed  out  in  the  eailii^r  re- 
sults find  here  fresh  illustration;  thus  the  drainage-wntrri u^ 
seen  to  be  generally  richest  in  nitrates  from  July  to  Octulw— 
and  poorest  from  April  to  June.  The  extremely  wrt  and  fil'* 
summer  of  1879  forms  an  exception  ;  the  waters  did  not  liws 
show  a  high  proportion  of  nitrates  at  the  usual  periiMl  of  insi'~ 
mum ;  while  in  the  dry  autumn  and  winter  which  followed  i^ 
proportion  of  nitrates  is  for  tbe  season  unusually  high. 

We  have  evidence  again  of  the  greater  relative  richness uf^ 
drainage  from  the  20-inch  gauge  during  the  season  of  maxinmi* 
])roportion  of  nitrates,  and  its  relative  poverty,  as  (Hunpuw* 
with  the  water  from  the  deepest  gauge,  as  the  season  uf  mininx'i'* 
nitrates  approaches.  This  gradual  change  of  relation  bet*«* 
the  waters  of  the  20-inch  and  (iO-inch  gauges  is  most  oni' 
spicuously  seen  in  the  autumn  and  winter  of  1KTT~78,  aixl''' 
1880-81.  It  follows  from  what  has  just  beeu  stated  lh»t  ti«s 
range  in  composition  is  greatest  in  the  water  from  the  SC-io"* 
gauge,  less  in  that  from  the  40-inch  gauge,  and  least  in  tw* 
from  the  60-inch  gauge.  At  a  still  greater  depth  tb«  draiiuj^ 
water  would  probably  have  a  uniform  compusitiuti  all  tlwHfa 
round.  '^^ 
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The  quantity  of  nitrates  removed  in  the  autumn  drainage- 
iraters  is  generally  greater  than  at  any  other  period  of  the  year, 
he  drainage-waters  being  most  concentrated  at  this  season,  and 
he  drainage  also  usually  abundant.  This  excess  during  autumn 
s  most  marked  in  the  drainage  from  the  shallowest  soil.  Thus 
irith  the  20-inch  gauge  the  nitrates  removed  during  the  last  six 
aonths  of  the  year  have  been  on  an  average  65 '3  per  cent,  of  the 
nnual  quantity ;  with  the  40-inch  gauge,  62*6  per  cent. ;  and 
rith  the  60-inch  gauge,  59*5  per  cent.  The  amount  of  drainage 
^r  the  same  period  being  respectively  56*4,  55*2,  and  54*5 
«r  cent. 

The  effect  of  a  heavy  and  continuous  rain  in  removing 
xceptionally  large  quantities  of  nitrates  from  the  soil  is  strik- 
Dgly  shown  by  the  results  obtained  in  September  1880.  In 
his  month  5*110  inches  of  rain  fell  at  Rothamsted  in  five  days, 
.nd  the  quantity  of  nitrogen  as  nitrates  in  the  drainage-water 
rem  the  20-inch  gauge  amounted  to  nearly  16  lbs.  per  acre,  an 
mount  far  larger  than  that  obtained  in  any  other  month  during 
he  four  years.  This  is  quite  in  accordance  with  what  has  been 
Jready  said  (page  60).  A  heavy  rain,  falling  in  a  short  time, 
hould  be  especially  effective  in  discharging  the  soluble  salts 
rem  a  soil,  as  the  smallest  opportunity  is  then  afforded  for  the 
etention  of  the  salts  through  upward  diffusion  within  the  wet 
oil. 

The  proportion  of  chlorides  in  the  drainage-waters  shows  far 
sss  range  of  variation  than  that  of  nitrates.  The  chlorides 
iresent  in  these  soils  being  derived  from  the  rain  are  not,  like 
he  nitrates,  produced  chiefly  at  one  season  of  the  year,  but  are 
upplied  whenever  a  shower  falls.  Small  rainfalls,  we  have 
Iready  seen,  are  richer  in  chlorides  than  large  rainfalls,  and 
he  rain  of  winter  is  richer  than  that  of  summer.  The  winter 
[rainage  contains  a  larger  proportion  of  chlorides  than  the 
ummer  drainage ;  and  a  maximum  proportion  of  chlorides  is 
ometimes  reached  towards  the  end  of  winter.  The  maximum, 
lowever,  generally  occurs  towards  the  end  of  summer,  or  the 
leginning  of  autumn,  the  great  evaporation  of  rain  from  the 
oil  during  summer  storing  up  chlorides  in  a  more  than  usually 
oncentrated  form.  In  a  cold  and  wet  summer,  like  that  of 
879,  this  period  of  maximum  is  not  perceptible. 

If  we  look  at  the  quantities  of  chlorine  removed  by  the  drain- 
ge-waters  per  acre  of  soil,  we  shall  find  a  pretty  close  agree- 
icnt  with  the  quantities  of  chlorine  already  given  as  con- 
aiined  in  the  rain  for  the  same  period  (Table  XV.,  p.  25).  In 
>rty-three  months  the  amount  of  chlorine  supplied  by  the  rain 
mounted  to  47*60  lbs.  per  acre,  or  really  to  somewhat  more,  as 
tie  method  of  analysis  employed  gave  rather  low  results.     The 
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quantities  of  chlorine  removed  in  the  drainage- waters  daring  the 
same  time  were  respectively  52*90  lbs.,  57*34  lbs.,  and  51*50  lbs. 
for  the  three  gauges.  There  can,  therefore,  be  little  doubt  that 
the  soil  has  been  completely  washed  out,  and  is  now  dependent 
on  the  rain  for  all  the  chlorides  it  contains. 

The  quantity  of  nitrogen  as  nitrates,  and  of  chlorine  removed 
by  the  drainage-water  from  an  acre  of  soil  during  each  of  the 
three  drainage  years  included  in  the  period  of  the  experiment, 
will  be  found  in  Table  XXXV. ;  the  results  are  arranged  in  the 
order  of  the  amount  of  drainage. 

Table  XXXV. — Amounts  of  Nitbogen  as  Nitbatbs,  and  Chlobihi  h 
Chlobides,  contained  in  the  Dbainagb-Wateb  from  the  three  Drab- 
Gauoes  in  Thbbe  Dbainaoe  Yeabs  (Oct.  to  Sept.) 


20-Inch  Drain-Oauge. 

40-Inch  Drain-Gauge. 

60-Inch  Drain-Gauge. 

Tear. 

Drainage 
Indies. 

Nitrogen 

Ibe. 
per  Acre. 

Chlorine 

lbs. 
per  Acre. 

Year. 

Drainage 
Inches. 

Nitrogen 

lbs. 
per  Acre. 

Chlorine 

lbs. 
per  Acre. 

^^'     Inches. 

NitrogeDi  GhMM 

lbs.     1    Us. 
per  Acre,  perioc* 

1879-8U 

1877-8 

1878-9 

0*743 
14»691 
26-772 

39*78 
43*87 
62*27 

8*13 
15*31 
20*30 

1879-80 

1877-8 

1878-0 

Mean 

10*326 
16*605 
26  907 

•  27*44 
38*96 
48*29 

8-94 
17*74 
21*65 

1879-80 

1877-8 

1878-9 

Mean 

9*354 
16*fS4 
25*186 

28*11 
45*45 
63*29 

7*41 
U*0 
ll« 

Mean 

17  036 

48*64 

14*58 

17*946 

38*23 

16*08 

16*774 

46*62 

14*11 

These  three  years  fortunately  include  some  very  different 
seasons.  In  1879-80  we  have  a  year  in  which  the  drainage  if 
rather  below  the  normal  quantity,  and  in  1878-9  we  have  a 
year  in  which  the  drainage  is  considerably  more  than  twice  the 
normal  quantity.  We  see  that  an  increase  in  the  amount  of 
drainage  is  accompanied  by  an  increase  in  the  amount  of 
nitrates  removed  from  the  soil,  but  the  latter  does  not  increase 
at  the  same  rate  as  the  former.  The  increase  in  the  amount  of 
chlorides  removed  from  the  soil  is,  on  the  other  hand,  at  nearlj 
the  same  rate  as  the  increase  in  the  drainage.  Expressing  in 
figures  the  average  results  of  the  three  gauges,  the  increase 
of  drainage  in  these  two  extreme  seasons  is  from  100  to  268, 
the  increase  of  chlorides  from  100  to  252,  and  the  increase 
of  nitrates  from  100  to  182.  As  the  rain  which  produces  the 
increased  drainage  also  supplies  the  chlorides,  it  is  easy  to 
understand  why  both  drainage  and  chlorides  should  increase  at 
a  similar  rate.  The  rain,  on  the  other  hand,  supplies  but  an  in- 
significant amount  of  nitrates,  and  only  up  to  a  certain  point 
increases  the  rate  of  nitrification  in  the  soil ;  the  larger  amount 
of  nitrates  removed  by  heavy  rain  is  thus  in  great  measoic 
simply  due  to  the  more  thorough  washing  of  the  soil. 
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he  quantity  of  the  nitrates  removed  from  the  soil  depends 
X\y  on  the  amount  of  drainage,  and  as  this  has  been  very 
e  during  the  last  four  years,  it  is  impossible  to  say 
Ty  on  the  whole,  the  amount  of  nitrates  yielded  by  the 
^uges  is,  or  is  not,  diminishing.  It  is,  of  course,  how- 
robable  that  the  production  of  nitrates  is  slowly  becoming 
id  that  in  the  earlier  years  of  the  experiment  the  amount 
led    in   the    drainage-waters   was    even    larger   than    at 

large  quantity  of  nitrogen  as  nitrates  removed  per  acre  by 
inage-water  is  a  fact  of  great  interest.  The  figures  at  the 
Table  XXXIV.  (pp.  72-3)  show  that  the  annual  amount 
ogen  as  nitrates  removed  in  the  drainage-water  was,  on 
rage  of  four  years,  45*51  lbs.,  36*32  lbs.,  and  43*59  lbs. 
ively  from  the  three  drain-gauges,  the  mean  of  all  being 
lbs.,  equivalent  to  268  lbs.  of  ordinary  nitrate  of 
I.  If  we  suppose  that  the  drainage-water  contained  at 
ne  time  0*5  part  of  nitrogen  per  million  in  the  form  of 
z  matter  and  ammonia,  we  shall  have  a  total  of  43*77  lbs. 
quantity  of  nitrogen  removed  in  one  year  from  an  acre  of 
•ped  soil  for  17*281  inches  of  drainage.  Such  a  quantity 
ogen  is  equal  to  that  contained  in  an  average  crop  of 
or  barley  ;  its  loss  to  the  soil  in  the  drainage-water  is  thus 
er  of  grave  importance.  Are  we  to  suppose  that  a  similar 
^pt  as  bare  fallow  for  an  entire  year  in  ordinary  agricul- 
»ractice  would  have  suffered  a  similar  loss  ?  The  question 
resolves  itself  into  two:  1.  Would  the  production  of 
8  be  similar  in  the  two  soils?  2.  Would  the  loss  by 
g;e  be  equal  ? 

experimental  soils  being  supported  on  perforated  iron 
would,  during  dry  weather,  be  aerated  from  below ;  the 
is  would  thus  be  more  freely  exposed  to  air  than  could 
1  in  an  ordinary  field  soil.  On  the  other  hand,  the 
^h  tillage  which  accompanies  an  agricultural  bare  fallow 
expose  the  surface-soil  of  the  field  to  the  action  of  the 
»here  more  fully  than  can  take  place  in  the  drain-gauge, 
iipply  of  oxidisable  organic  matter  must  also  now,  after 
ars  of  exposure  to  the  atmosphere  and  washing  by  rain, 
isiderably  less  in  the  soils  of  our  drain-gauges  than  in 
which  has  recently  been  manured  and  cropped, 
"aids  the  end  of  September  1878  the  soil  and  subsoil  of 
plots  in  two  of  the  experimental  fields  at  Rothamsted, 
had  been  left  as  bare  fallow  all  the  summer,  were  sampled, 
e  quantity  of  nitrates  they  contained  determined.  To 
ith  of  about  18  inches  they  contained  respectively  34  lbs., 
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36  lbs.,  and  49  lbs,  of  nitrogen  in  the  form  of  nitraipg.  Tlii!  fiw 
two  soils  had  received  no  nitrogenous  manure  for  a  great  muf 
jetirs,  and  were  prubablj  in  a  state  of  greater  exhaustiiiti  ibu 
the  soils  of  the  drain-gauges  ;  the  third  had  received  nilrogewm  ' 
manure,  but  had  grown  two  crops  since  its  application.  In  r*^ 
case  the  crop  preceding  tlie  fallow  had  been  barlef  or  whitl, 
and  as  these  cr[>ps  are  known  to  remove  nitrates  verj  thomu^l) 
from  the  soil,  we  may  fairly  conclude  that  the  nilrntei  (uwhI 
were  mainly  liie  result  of  nitrification  during  the  last  twnl" 
months.  The  amount  of  nitrate  actually  found  would  not, 
however,  represent  the  whole  priMlucod,  some  must  have  bren 
already  lost  by  dr.iinage.  Indeed,  during  the  six  tummt' 
months  of  1878,  about  17  lbs.  of  nitrogen  in  the  form  of  nitnta 
had  been  removed  in  the  drainage- water  of  the  20-inch  iJrun- 
gauge. 

With  this  evidence  before  us,  we  are  disposed  to  c<mclude  th)l 
nitrates  equal  to  50  lbs.  or  more  of  nitrogen  per  ncn-  inajl* 
prtMluced  in  a  single  year's  bare  fallow  of  the  amble  joil  •■ 
Koihamsted. 

With  regard  to  the  loss  which  a  soil  under  bare  fallow  wiiulJ 
sufTer  by  drainagi',  we  must  recollect,  in  the  first  place,  that  tlw 
rainfall  during  the  four  years'  experiments  with  the  drAin^gaugc 
just  quoted  was  far  above  the  average,  amounting  in  fact  to  neiHi 
33  inches  per  annum  ;  the  drainage  has  consequently  aven^ 
17-281  inches  per  aiuum,  while  with  the  normal  RuthamrttJ 
rainfall  the  drainage  would  probably  be  only  10'U2  inches,  uul 
with  a  rainfall  of  25  inches  but  7ti2  inches.  With  a  smjllw 
drainage  the  loss  of  nitrates  from  the  soil  would  considcntblj 
diminish,  though  not  in  the  same  proportion  as  the  dtminulinn 
in  the  drainage,  as  with  a  less  rainfall  the  drainage-wntcr  wooU 
become  stronger.  We  have  one  whole  year  of  modenlP 
drainage  within  the  period  of  our  determinations  ;  in  this  yNT, 
1879-80,  the  mean  drainage  was  9-808  inches,  and  the  m(M 
quantity  of  nitrogen  as  nitrates  removed  in  the  drainage-wiilH* 
31-78  lbs.  per  acre. 

In  a  field  of  good  natural  drainage,  with  a  soil  of  tlie  usis 
physical  characters  as  our  drain-gauge  soils,  we  Khould  eiptf 
the  amount  of  drainage  to  be  nearly  the  same  when  both  w'te 
under  bare  fallow.  It,  however,  by  no  means  follow*  thai,  •'''' 
an  equal  production  of  nitrat«s,  and  an  equfU  drainage,  the  w'' 
exposed  to  a  one  year's  fallow  wouhl  lose  as  large  a  (luantilj  "^ 
nitrates  as  the  soils  of  the  drain-gauges.  The  average  •mituO' 
of  nitrates  lost  by  the  drain-^uge  in  a  year  mny  perhaps  ful'/ 
represent  its  annual  production  ;  but  in  order  to  part  witblV' 
amount  it  must  itself  contun  much  more,  m  the  <oit  jg  neof^ 
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time  thoroughly  exhausted  by  drainage.*  Unless,  therefore, 
production  of  nitrates  is  far  more  active  in  the  field  than 
he  drain-g:auge,  the  amount  lost  during  the  first  year  of 
»w  would  be  much  less  than  that  passing  from  the  drain- 
^.  Again,  nitrates  being  produced  chiefly  in  summer  time, 
>rdinary  bare  fallow  suffers  only  from  autumn  and  winter 
nage,  and  not  from  that  of  the  whole  year, 
hough  for  the  reasons  just  given  the  loss  of  nitrates  by 
nage  may  be  considerably  less  in  an  ordinary  agricultural 
»w  than  in  our  own  drain-gauge  experiments,  the  loss  must 
rly  be  a  very  serious  one  whenever  the  season  is  wet  Bare 
>w  can  only  be  thoroughly  successful  in  a  dry  climate. 
ler  such  circumstances  the  active  production  of  nitrates 
2h  takes  place  in  a  fallow  will  doubtless  greatly  increase 
Fertility  of  the  soil  for  the  succeeding  crop.  In  a  wet  climate 
practice  of  bare  fallow  must  result  in  a  rapid  diminution  of 
-nitrogen.  The  influence  of  cropping  on  the  loss  of  nitrates 
Irainage  will  come  under  notice  in  Part  III.  of  this  paper, 
have  already,  however,  had  illustrations  of  one  mode  in 
ch  a  crop  will  greatly  diminish  such  loss,  namely,  by  largely 
easing  the  amount  of  evaporation,  and  thus  diminishing  the 
ant  of  drainage. 

T  III. — The   Drainage  Waters  from   Land  Cropped 

AND  Manured. 

1  the  first  paper  on  the  Rothamsted  Field  Experiments,  pub- 
^  in  this  ^Journal '  in  1847,  it  was  shown  that  a  consider- 
part  of  the  nitrogen  applied  as  manure  was  not  recovered 
le  increase  of  the  crop  produced,  "f  Later  determinations  of 
quantity  of  nitrogen  remaining  in  the  soil  after  a  long  course 
lanuring  showed  that  only  a  comparatively  small  proportion 
16  missing  nitrogen  could  be  accounted  for  by  accumulations 
lin  the  soil.f  The  conviction  gradually  increased  that  the 
of  nitrogen  thus  observed  might  be  to  a  great  extent  due 
he  washing  out  of  nitrates  from  the  soil  by  rain.  §       An 

Of  the  large  amount  of  nitrates  contained  in  the  drain-gauge  soils  we  get 

>  idea  £rom  the  fact  that  the  20-inch  gauge  parted  witti  over  62  lbs.  of 

gen  per  acre  in  1878-9,  and  still  was  far  from  being  exhausted. 

^  also  the  following  more  recent  Rothamsted  Reports  in  this  *  Journal ' 

^  the  Growth  of  Barley  by  different  Manures,  continuously  on  the  same 

:  and  on  the  position  of  the  crop  in  rotation,"  1857,  pp.  524,  528-531 ;  and 

K>rt  of  Experiments  on  the  Growth  of  Barley  for  20  years  in  succession  on 

Uifte  Land,"  1873,  pp.  328-331.    Also,  **  On  the  Annual  Yield  of  Nitrogen 

^  in  Different  Crops  : "  '  Report  of  British  Association,'  1858. 

^  the  Paper  **  On  the  accumulation  of  the  Nitrogen  of  Manure  in  the 

'*  *  Beport  of  British  Association,'  1866. 

*Qe  the  Seoond  Report  on  the  Growth  of  Barley,  already  mentioned,  pp. 

-^5;  also *<  Our  Climate  and  our  Wheat  Crops; "  this  *  Journal/  1880,  p.  199. 
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excellent  opportunity  of  testing  the  soundness  of  this  conclu- 
sion was  afforded  by  the  experiments  in  Broadbalk  Field,  this 
field  having  been  for  many  years  cropped  with  wheat,  manured 
with  various  kinds  of  manure,  and  being  furnished  with  a  com- 
plete system  of  drain-pipes.  The  investigation  of  the  drainage- 
waters  from  this  field  commenced  in  1866.  Before  speaking 
of  the  results  we  must  briefly  describe  the  conditions  of  the 
experiment. 


1.   The  Experimental  Field. 

Broadbalk  Field  contains  about  13j^  acres  of  arable  land,  of 
which  only  11|  acres  are  now  under  exact  experiment.  The 
field  lies  in  ^^  lands,"  each  A^  yards  wide ;  two  adjoining 
lands  form  the  two  halves,  a  and  6,  of  one  plot.  Both  on  the 
extreme  right  and  left  of  the  field  there  are,  however,  a  few 
plots  consisting  of  one  land  only.  The  length  of  the  prin- 
cipal plots  (Nos.  2-19)  is  352  yards  ;  the  area  of  each  "land" 
is  thus  ^^  acre. 

The  held  was  laid  with  drain-pipes  in  1849,  but  without,  at 
that  time,  any  intention  of  employing  them  for  experimental 
purposes.  A  di*ain  was  laid  down  the  centre  of  each  plot,  from 
Plot  2  to  Plot  18,  the  course  of  the  drain  lying  under  the  furrow, 
separating  the  two  lands  of  which  each  plot  consists.  A  drain 
was  also  laid  along  the  outer  edge  of  Plot  19,  which  consisted 
at  that  time  of  one  land  only.  The  drains  were  thus  8^  yards 
apart. 

A  plan  of  Broadbalk  Field  will  be  found  on  the  opposite 
page.  The  thick  parallel  lines  represent  the  side-boundariei 
of  the  plots,  the  lines  across  the  field  show  the  end-boundaries; 
no  manure  has  been  applied  for  many  years  above  or  below 
these  lines.  The  dotted  parallel  lines  show  the  system  of  drain* 
pipes.  The  number  of  the  plot  to  which  each  drain  belongs  is 
shown  at  the  lower  end  of  the  plan. 

The  general  slope  of  Broadbalk  Field  is  from  west  to  east 
The  total  fall  of  the  drain  of  Plot  19  amounts  to  12  feet  1^  inches; 
on  the  other  side  of  the  field,  in  the  middle  of  Plot  2,  the  fall  ts 
16  feet  9  inches  in  352  yards.  The  inclination  is  bat  small  io 
the  upper  part  of  the  field,  it  occurs  chiefly  in  the  lower  fi^^ 
eighths  of  its  length.  The  drains  deliver  entirely  at  the  lower 
end  of  the  field.  At  this  end  there  is  a  small  fall  of  1  b^ 
9J  inches  from  Plot  19  to  Plot  2. 

The  drain-pipes  employed  were  those  known  as  the  *^  horseshoe 
and  sole ; "  the  internal  diameter  of  the  drain  is  about  2  ind>e>> 
The  drains  lie  generally  about  2  feet  below  the  furrow  uodcf 


Plan  of  Broa^haii:  Field,  thowing  the  lyafem  of  Drain-pipe*. 


LtaltJOuU  Wood  fUld 


Hoot  Jieti 
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which  they  are  placet!  ;  the  depth  is  greatest  tntranls  thr  middle 
of  the  field,  where  it  reaches  about  2^  feet.  The  lower  eoiliot 
the  drains  were  originally  cumiectcJ  with  a  main  drain,  4  incbci 
in  diameter,  lying  across  the  headland  at  the  bottom  of  Uw 
field  ;  by  this  main  drain  the  water  was  conveyed  to  a  diu^b  iti 
considerably  lower  level. 

Early  in  December  1806  the  connection  of  the  drain*i«p«l 
from  Plots  2-lti  with  the  main  drain  was  severed,  and  sinall 
pits  dug  at  the  previous  points  of  junction.  The  draln-wiUr 
flowing  from  the  pipes  was  now  discharged  into  the  pita,  sod 
samples  could  be  collected  from  the  pipes  before  the  water  wu 
carried  oif  by  the  main  drain.  The  ends  of  the  pipes  fron 
Plots  17-19  were  not  uncovered  till  November  1878. 

The  arrangements  just  described  for  collecting  the  <^^ull^^ 
waters  were  at  first  by  no  means  perfect.     During  heavy  rsioi 
a  considerable  amount  of  surface-water  collected  in  the  iIlK^ 
mediate  furrows*  at  the  bottom  of  the  field,  chiefly  lowanlitiii 
left-hand  si<le ;    this  was  in  extreme  cases  reinforced  by  a  fl""l 
coming  through  the  hedge  from  Saw-pit  Field.     To  remcivr  tbis 
surface-water  a  furrow  was  opened  across  the  bottom  of  the  iMt 
starting  at  the  hedge-green  by  Saw-pit  Field,  crossing  the  lowr 
edge  of  Plots  IS)  and  18,  and  coming  out  on  to  the  bcmlbad  »*• 
the  bottom  of  the  field  at  the  furrow  separating  Pints  i  and  l  — 
After  some  time,  the  point   of  exit  of  this   surfac^vdrain  w*-^ 
altered  to  the  furrow  separating  Plots  3  and  2,  it  being  thiNigi*-"* 
that  the  drainage  from  Plot  2,  which  is  always   very  KUiVf-i 
was  affected  by  the   water   thus  brought    over    its  drain-pip^^ ■ 
In  the  autumn  of  1877  a  surface-drain  was  constnictrd  slon^ 
the   hedge   by   Saw-pit   Field;    and   in  the  following  autmn  ^^ 
a  large  soak-pit   was  dug    \n    Saw-pit    Field ;    both  widi  lU  *^ 
object  of  protecting  Broadbalk  from  flood-water.     This  olyfc^* 
is  now   fairly   accomplished.       Surface-floods  occur  ui  pn^t»* 
only  from  the  melting  of  snow,  or  in  storms  of  very  ciceptiuai** 
character. 

Another  difficulty  at  first  esperienccd  was  due  to  tlio  sinJ  ■ 
outfall  provided  by  the  drains.  In  heavy  rains  the  pits  inr<* 
which  the  drains  delivered  quickly  filled  above  the  level  o\  [J»^^ 
pipes,  and  it  was  necessary  to  bale  out  the  water  in  cacti  p** 
-before  a  collection  from  the  pipe  was  possible.  Thit  ir»!^' 
filling  any  pit  being  to  some  extenl  a  mixture  of  the  drain"!!^ 
waters  of  all  the  plots  Ivtng  to  the  left  of  it  (the  same  W*^ 
drain  passing  through  afl  the  pits),  there  was  some  Aa»ff\' 

'  In  hear;  rain  surrnce-water  niTi»  ilnwn  the  nlti'.mntn  furrnn  hi 
qusntilf,  it  rarely  apintLra  in  the  fnrnin  mwupjing  the  «eutn)  o( 
owing  to  Iho  actiou  o(  Ute  iU^u^^  IjanEatli. 
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the  drainage-waters  being  contaminated  by  the  waters  from 
other  plots,  and  it  was  necessary,  after  baling  the  water  out  of 
each  pit,  to  allow  the  pipe  to  run  for  some  time  before  a  trust- 
worthy sample  of  water  could  be  collected. 

These  arrangements  are  now  much  improved.  The  surface- 
drain  running  across  the  bottom  of  the  field  has  been  abolished  ; 
the  alternate  furrows,  forming  the  boundaries  of  each  plot,  have 
been  prolonged  on  to  the  headland,  and  connected  by  a  4:-inch 
pipe  with  the  main  drain,  thus  removing  the  surface-water 
between  each  plot  without  passing  it  over  the  drain-pipes 
of  other  plots.  The  main  drain  has  also  been  considerably 
enlarged,  and  relaid  1  foot  below  its  former  level.  In  con- 
sequence of  this  improvement  the  outfall-pits  now  never  fill 
with  water,  and  no  difficulty  is  experienced  in  collecting  at 
all  times  the  drain  age- water  flowing  from  the  pipes.  These 
improvements  were  completed  in  February  1879. 

It  has  been  necessary  to  go  into  this  detail  because  the  value 
of  the  analyses  of  the  drainage- waters  entirely  depends  on  these 
waters  truly  representing  the  drainage  of  particular  plots  of  soil. 
It  will  be  gathered  from  what  has  just  been  stated,  that  the 
earlier  collections  of  waters  were  somewhat  more  liable  to  oc- 
casional contamination,  both  from  surface-water,  and  from 
mixture  with  the  waters  of  adjoining  plots,  than  the  collections 
made  since  February  1879. 

Since  the  opening  of  the  drains,  a  careful  record  has  been 
kept  of  the  dates  on  which  each  drain  ran,  and  of  the  size  of 
the  flow  when  observed.  In  the  driest  season  experienced 
(October  1873  to  September  1874)  the  largest  number  of  run- 
nings recorded  for  any  pipe  was  three ;  while  in  the  wettest 
season  (1878-9),  the  largest  number  of  runnings  from  one  pipe 
was  forty-six.  In  Table  XXXVI.  is  given  the  total  number 
of  daily  runnings  of  each  drain-pipe  during  fifteen  years. 

In  summer  time,  while  the  field  is  covered  by  the  crop, 
drainage  rarely  takes  place.  A  commencement  of  running  is 
usually  made  in  October,  and  the  drainage  reaches  its  greatest 
vigour  in  December  and  January. 

It  will  be  noticed  that  the  drains  from  the  various  plots  do 
not  run  with  equal  frequency.  Plots  with  a  similar  winter 
drainage  show  a  dissimilar  summer  drainage  if  one  bears  a 
heavier  crop  ;  the  relative  amount  of  drainage,  from  two  plots  is 
even  in  some  cases  reversed  at  different  seasons  of  the  year,  the 
plot  having  the  greater  winter  drainage  giving  a  less  summer 
drainage  by  reason  of  its  larger  produce.  Such  facts  will  be  seen 
by  comparing  the  records  of  drainage  for  Plot  3&4  with  those 
for  Plot  7;  those  for  Plot  5  with  Plot  6;  and  Plot  11  with 
Plot  13.      The   average    crops  grown  on   all  these  plots  will 
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bund  in  Table  XXXVII.  (p.  87).  In  all  these  cases  the 
ter  evaporation  hy  the  heavier  crops  dries  the  soil,  and  thus 
inishes  the  drainage. 

'here  are  considerable  differences  in  the  rate  of  running  of  the 
is  of  some  of  the  plots  which  are  quite  independent  of  any 
srence  in  the  crop ;  such  differences  are  best  seen  by  looking 
he  total  runnings  recorded  for  the  winter  months,  October 
Aarch,  as  no  irregularity  is  then  introduced  from  differences 
he  bulk  of  the  crop. 

t  will  be  seen  that  the  drain-pipe  from  Plot  2  runs  with  far 
frequency  than  any  other ;  the  running  is  only  for  a  short 
e,  and  the  water  is  always  turbid.  This  plot  has  received 
ons  of  farmyard-manure  each  year  since  1844.  A  great 
imulation  of  organic  matter  has  thus  taken  place,  which  has 
tly  increased  the  power  of  the  soil  to  hold  water.  In  a 
3r  on  the  "  Effects  of  the  Drought  in  1870  on  some  of  the 
erimental  Crops  at  Rothamsted,"  published  in  this '  Journal ' 
871,  determinations  are  given  of  the  water  contained  in  the 
of  three  of  the  plots  in  Broad  balk,  both  in  a  dry  summer 
y  1868),  and  when  in  a  state  of  winter  saturation  (January 
)).  In  the  latter  condition  the  three  soils  contained  the 
»wing  amounts  of  water,  expressed  in  tons  per  acre,  to  the 
:h  of  3  feet  from  the  surface. 


Water   in    satu 
rated  soil 


n 


Plot  2. 

Farmyard 
Manure. 


Tons. 
1610 


Plots. 

Unmanured. 


Tons. 
1396 


Plot  8. 

Ammoninm- 

SallB  and  Mineral 

Manure. 


Tons. 
1549 


te  soil  of  Plot  2  thus  contained,  when  saturated,  214  tons 
e  water  than  the  soil  of  Plot  3,  and  61  tons  more  than 
soil  of  Plot  8 ;  quantities  corresponding  to  2*12  and  0*60 
^es  of  rain  respectively.  The  small  amount  of  pipe- 
iiage  from  this  plot  is  thus  to  some  extent  explained.  The 
n-pipe  of  Plot  2  has  been  opened  to  ascertain  if  any  ob- 
cHion  existed,  but  none  was  found.     In  consequence  of  the 

discharge  of  drainage- water  from  Plot  2,  a  series  of  glass 
leg  has  been  connected  with  the  end  of  the  drain-pipe ;  a 
targe  occurring  at  any  time  is  thus  preserved. 

is  difficult  to  account  for  the  very  different  rates  of  running 
onie  of  the  pipes.  The  drains  from  Plots  2  to  13  must 
•  a  fall  of  about  16  feet  in  the  length  of  the  plot ;  from  Plot  14 
^9  the  fall  diminishes  to  about  12  feet.  All  the  plots 
^ing  most  frequently  lie  in  the  former  group.     Most  fae^'cwX. 


8li  Oh  the  Rain  and  Drainoffe  -  fValers  at  Rolhaimtei. 

OT  longest  running  dues  not,  however,  always  imply  the  larffe-^ 
discharge,     A   study  of  the   records  that  have    been  refruUrl^ 
made  of  the  sl/.e  of  the  streams  issuing  from  the  difTerent  pip*?* 
would   show  that  the  largest  discharge  is  from  Plots  13,  1  'i 
3&4.       Nest    in    order    stand   Plots    U,    18,   12,   6,   5,  wliich 
appear  to  be  very  equal.     The  third  group  is  formed  of  Plot* 
15,   llj,  14.     The  fourth  group  consists  of  Plots  10,  7.     The 
fifth  of  Plots  9,  «.     Lastof  all  come  Plots2,19.     The  amount  of 
water  passing  off  by  the  drain-pipes   in  the  case  of  the  fifth 
group  is  perhaps  two-thirds  of  that  discharged  by  the  first  group 
of  plots ;    this  will    probably  represent   the  extreme  range   oC 
variation,  if  we  escept  Plots  2  and  19,     The  cause  of  some  uf 
these  differences  apparently  admits  of  explanation  ;  thus  a  part 
of  the  water  from  Plots  8,  9,  10,  14,  is  probably  intercepted  lij 
dells,  through  or  alongside  which   the  drain-pipes  pass.     Tbe 
character  of  the  subsoil  is  also  an  important  factor,      Where  ibe 
subsoil  is  exceptionally  stony,  as  is  the  case  in  certain  plates 
in  the  field,  the  water  conveyed  by  the  drain  may  be  more  or 
less  lost,  this    loss  of    water  being    greatly   facilitated   by  tlie 
character  of  the  drain-pipes  used. 

The  account  just  given  of  the  mode  of  running  nf  the  draimin 
Broadbalk  Field  will  seem  strange  in  many  particulars  lo  ihow 
who  are  familiar  with  the  working  of  deep  drains  on  bm*/ 
clay  land  ;  the  drains  on  such  land  will  usually  run  UDinltr- 
rupCedly  throughout  the  winter,  while  the  drain*  in  Broadlnll£ 
Field  continue  running  only  a  few  hours  after  rain  \\fti  ceiW- 
The  cause  of  difference  lies  in  the  fact  that  the  Broailbalk  draiD* 
are  comparatively  near  the  surface,  and  that  anv  arcumulntioncf 
subsoil  water  is  prevented  by  the  chalk  which  undt^rlies  thef'i' 
at  a  depth  of  about  10  to  14  feet  from  the  surface.  The  draiiia^' 
waters  from  Broadbalk  are  thus  a  discharge  of  the  water  perr<>t*— 
ting  through  the  soil,  while  the  drainage  from  the  deep  drain)  i«* 
heavy  land  is  mainly  supplied  from  a  reservoir  of  sub»oil  waur- 

We  have  now  to  describe  the  manures  applied  to  the  varioii-* 
plots  iu  Broadbalk  Field.  The  manures  applied,  and  the  averajC^ 
pri>dQce  obtained  during  the  last  fifteen  seasons,  llitiS-I  t*-^ 
18tf0-81,  through  more  or  less  of  which  the  investig.-ftiuu  uf  ik^ 
drainage- waters  has  continued,  and  during  the  SO  seuo*^ 
(1852-iSl)  of  nearly  uniform  manuring  year  after  vcar,  "i*! 
be  found  in  Table  XXXVU.  In  the  case  of  Ploti  2  mJ  -^ 
the  manuring  has  remained  unaltered  since  1844,  the  date  of  tl»'^ 
first  experimental  wheat-crop. 

The  dressing  of  "  mixed  mineral  manure  "  contains  in  eW'JJ 
case  SJ  cwts.  of  bonc-asb  superphosphate,  2IK>  lbs.  of  tommeru^^ 
sulplinlc  of  potassium,  100  lbs.  of  sulphate-  of  sodium  (nltr^* 
rnkc),  jtnd    100  lbs.  uf  crvstnllis^d  iiu1|)halc  of  inaicneituin  P^'  J 
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BLi  XXXYII. — Manuring  and  Pboduoe  of  Bboadbalk  Wheat- 
Field,  per  Acre,  per  Annum. 


Masttsks. 


14  tons  Farmyard-Manure 

Unmanured ,. 

Mixed  Mineral  Manure        

200  lbs.  Ammonimn-Balts  and  Mixed  Minerals 

400  Iba.  „ 

600  lbs.  „  „ 

550  lbs.  Nitrate  of  Sodium  and  „     .. 

550  lbs.  Nitrate  of  Sodium,  alone       

400  lbs.  Ammonium-salts,  alone 

n  n  „     and  Superphosphate 

9t  „  „     and  Sulph.  Sodium 

>,  M  t)     and  Sulpb.  Potassium 

99  „  „      and  Sulph.  Mag. 

M  „  „     and  Mixed  Minerals ' 

XJnmanured' 

Afixed  Mineral  Manure  *      

MO  Ammonium-salts  '         

1700  lbs.  of  Rape-cake  «       


30  Years, 
1852-18S1. 


Dressed 
Com. 


Biuihels. 
33^ 
13^ 
15^ 
24 
32^ 
36 
36i 
23} 
211 
26 
31 
31} 
3lf 
3ll 
25} 
n5f 
*29i 
28} 


Total 
Produce 

(Com 

and 

Straw). 


lbs. 
4696 
2169 
2443 
4006 
5769 
6737 
6903 
4293 
3687 
4402 
6301 
5561 
5424 
5396 
4678 
2574 
5171 
4758 


16  Years, 
1867-1881. 


Dressed 
Cum. 


Bushels. 
31} 

Hi 

12f 

20^ 

281 

331 

36i 

20i 

18 

22i 

26} 

28^ 

27| 

28} 

13^ 

*13} 

»27 
25} 


Total 
Prodace 

(Com 

and 

Straw). 


lbs. 
5304 
1726 
1984 
3348 
5013 
6219 
6920 
3587 
2904 
3716 
4493 
4964 
4716 
48J6 
2131 
2090 
4619 
4025 


1872  and  previously,  400  lbs.  sulphate  of  ammonium  were  applied  on  half 

and  on  the  other  half  300  lbs.  sulphate  of  ammonium  and  500  lbs.  of  rape- 
li  halves  receiving  mixed  mineral  manure.  Up  to  1872  the  superphosphate 
>lot  was  prepared  with  hydrochloric  acid. 

Ki  1852  to  1864  this  plot  received  800  lbs.  ammonium-salts,  with  the  mixed 
Ckianure. 

manures  on  these  two  plots  altcniato  each  year. 
r»ge  of  mineral  manure,  altermitiiig  with  ammonium-salts. 
»^e  of  ammonium-salts,  alternating  with  mineral  manure. 

1878  and  previously,  300  lbs.  sulphate  of  aramouium,  500  lbs.  rape-cake, 
^rphosphate,  the  latter  made  with  hydrochloric  acid. 

*  The  same  quantity  of  superphosphate  (3  J  cwts.)  is  applied 
I  cases  ;  but  an  increased  amount  of  the  sulphates  of  sodium 
magnesium  is  applied  to  Plots  12  and  14,  the  quantities  of 
two  sulphates  being  respectively  366^  and  280  lbs. 
he  "  ammonium-salts  "  are  in  every  case  a  mixture  of  equal 
5  of  the  sulphate  and  muriate  of  commerce.  The  400  lbs. 
%monium-salts,  the  550  lbs.  of  nitrate  of  sodium,  and  the 
i  lbs.  of  rape-cake  are  believed  to  contain  approximately  the 
a  quantity  of  nitrogen  ;  the  rape-cake  is  somewhat  variable 
imposition. 

i  Table 'XXX VIII.  will  be  found  an  estimate  of  the  quan- 
of  each  substance  annually  applied  in  manure,  expressed 

In  1858,  and  previously,  300  lbs.  of  sulphate  of  potassium,  and  200  lb&.  oC 
•mteofgodium  wore  cni])J(>yed. 
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)8.  per  acre.  The  estimated  composition  of  the  farmyard- 
ure  applied  on  Plot  2  must  be  taken  as  approximate  only. 

small  quantities  of  magnesia  and  soda  credited  to  Plots 
L3  are  contained  in  the  bone-ash  used. 
11  the  manures,  except  the  dung,  are  sown  broad-cast; 
Qg  sowing  two  screens  are  carried  along  the  boundaries  of 
plots  to  prevent  the  manure  being  carried  beyond  its  proper 
ts.     The  autumn  manures  are  ploughed  or  harrowed  in  as 

as  possible  after  sowing,  the  wheat  being  drilled  afterwards, 
spring  manures  are  top-dressed. 

be  farmyard-manure,  the  superphosphate,  and  the  sulphates 
otassium,  sodium,  and  magnesium,  have  always  been 
Led  in  the  autumn.  During  the  first  six  seasons  in 
Ii  the  drainage-waters  were  collected  the  ammonium-salts 

applied  on  all  the  plots  in  the  autumn,  and  had  been 
>rmly  so  applied  for  many  years  previously.  Since  1872-3 
jnmonium-salts  have  been  applied  on  Plot  15  at  a  different 

from  the  other  plots.  In  the  five  seasons,  1872—3  to 
►-7,  Plot  15  received  its  ammonia  in  the  spring,  the  other 
(  in  the  autumn.  Since  this  time  the  order  has  been 
rsed.  Plot  15  receiving  ammonium-salts  in  the  autumn,  and 
be  remaining  plots  in  the  spring.  The  nitrate  of  sodium 
always  been  applied  in  the  spring. 

B  the  dates  of  sowing  manure  and  of  harvest  are  points 
:h  must  be  borne  in  mind  in  discussing  the  composition 
le  drainage-waters,  a  summary  of  these  particulars  is  given 
able  XXXIX. 

'SL  XXXIX. — Dates  of  Sowing  Manttbes  and  of  Habvxst  in 
Bboadbalk  Field,  1866-7  to  1880-1. 


Maitubes  Applucd. 

•n. 

Mineral  MAnares. 

Ammonium'Salts. 

Nitrate  of 
Sodium. 

Wheat  Cat 

Plot  15. 

Other  Plots. 

7 

Nov.  5-6. 

Nov.  5-6. 

Mar.  25. 

Aug.  23-24. 

8 

Oct.  30-Nov.  1. 

Oct.  30-Nov.  1. 

«    18. 

July  22-28. 

9 

„    28-^1. 

Oct  28-31. 

Apr.    1. 

Aug.  16-18. 

70 

„    30-Nov.  2. 

Oct.  30-Nov.  2. 

Mar.  25. 

n       5-12. 

1 

„     18-22. 

Oct.  18-22. 

„    23. 

„     21-23. 

2 

„    lG-17. 

Oct.  16-17. 

„      7. 

„     16-17. 

3 

„     17-18. 

Mar.  25. 

Oct.  17-18. 

,.    25. 

.,     15-19. 

4 

„    27-28. 

M     19. 

„     27-28. 

„     19. 

„       3-11. 

5 

„    20-23. 

„    23. 

„     20-23. 

„    23. 

„     16-21. 

6 

„    29-30. 

„    24. 

.,     29-30. 

„    24. 

„       8-19. 

7 

„    ltJ-17. 

Apr.  11. 

„     16-17. 

Apr.  11. 

„     18-24. 

8 

Nov.  2-3. 

Nov.  2-3. 

Mar.  14. 

Mar.  14. 

„       1-10. 

9 

Oct.  14-15. 

Oct.  14-15. 

,.     10-18. 

„    10. 

Sept.    4-17. 

80 

„    22. 

„    22. 

.      9. 

»»      y. 

Aug.  14-20. 

1 

„     15-16. 

»    25. 

„     12. 

.,     12. 

n        8-lL 

2 

.,    27-28. 

„    27-28.   Feb.  23. 

1 

\  ¥viV».  ^^. 

\           - 

Waters  of  Land -Drain  age.,"  comn 
this '  Journal '  in  1874,  page  132.* 

In  Table  XL.  we  have  recalcu 
the  principal  ingredients  found  in 
series  of  waters,  and  have  also  gii 
the  drainage   from   each   plot,    ca 
Dr.  Voelcker's  analyses.!     The  col 
the  first  considerable  running  after 
manures ;  the  collection  on  April  2 
same  season,  after  the  application 
Plot  9.     From    want  of  space,    th 
matter  (by  ignition),  oxide  of  iro 
are  omitted. 

Dr.  Voelcker's  analyses  are  of 
only  ones  giving  a  full  account  of 
tained  in  the  waters  from  the  variou 
postpone  the  consideration  of  the  re 
subject  before  us. 

The  next  examination  of  the  Brc 
Dr.  Frankland.  He  made  in  all  ] 
extending  from  Jan.  13,  1868,  to  F< 
collections,  namely  those  on  Jan.  5, 
and  on  Jan.  19  and  Feb.  26,  187. 
from  nearly  all  the  plots.  The  colle 
and  small  runnings  of  the  drains, 
analyses  of  the  waters  collected  on  , 

The  first  nf  t>ina*»  r»r»lloi^fi^»»«  ^^^^ 
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L. — GoMposiTioN  of  Dbainage-Watbrs  from  Bboadbalk  Field 
in  parts  per  Million  (Db.  Yoelokeb). 


•ui 

lid 
<ter. 


Lime. 


Magnesia. 


Potash. 


Soda. 


Nitrogen  as  : 


Ammo- 
nia. 


Nitric 
Add. 


Chlorine. 


Snlphnric 
Acid. 


Phos- 
phoric 
Acid. 


Januabt  13, 1868. 


5-9 

136-7 

51 

5-4 

13-7 

0-05 

12-5 

21-9 

94-6 

•  • 

J-7 

1020 

4-6 

2-4 

5-9 

0-15 

6-7 

14-6 

250 

•  • 

)0 

151-6 

6-6 

10-3 

14-9 

0-16 

9-3 

16-7 

110-9 

•  • 

rO 

179-6 

91 

8-6 

10-3 

002 

170 

36-6 

119-6 

•  • 

;-4 

235-6 

7-7 

1-9 

151 

0-07 

28-1 

28-1 

131-6 

•  • 

>-7 

247-3 

8-0 

3-9 

14-4 

0-07 

31-0 

62-6 

119-3 

•  • 

i-O 

108-7 

3-9 

1-7 

42-0 

015 

12-0 

18-7 

56-9 

•  • 

'•9 

208-9 

7-7 

2-0 

7-4 

0-08 

25-3 

45-9 

59-3 

2-00 

{•6 

201-6 

8-0 

0-9 

9-0 

0-07 

28-8 

51-1 

72-6 

2-57 

1-6 

234-7 

5-9 

3-7 

34-4 

0-05 

30-1 

57-4 

136-3 

2-14 

!1 

246-0 

8-3 

5-9 

8-0 

0-11 

35-0 

58-4 

108-4 

1-43 

10 

270-3 

161 

0-7 

8-1 

006 

37-7 

60-6 

133-4 

1-29 

11 

274-3 

12-7 

9-3 

18-1 

0-21 

46-5 

36-6 

171-6 

2-00 

;-6 

112-3 

5-9 

3-7 

4-1 

0-09 

13-5 

17-7 

25-4 

1-29 

April  21, 1868. 


-1 
-3 
-8 
-9 
-9 
•6 
-5 
-6 
-4 
-4 
•6 
-6 
•7 


85-1 

6-7 

1-0 

9-6 

trace 

0-9 

8-3 

11-3 

0-57 

95-1 

6-6 

2-9 

11-1 

none 

1-4 

9-3 

37-4 

1-46 

86-3 

7-7 

3-0 

10-7 

trace 

1-9 

10-4 

34-7 

0-90 

114-4 

80 

2-6 

70 

0-08 

4-5 

16-6 

47-6 

0-91 

102-3 

151 

1-9 

4-4 

•  • 

6-0 

19-7 

58-4 

0-17 

153-6 

9-9 

6-1 

93-9 

none 

58-3 

14-6 

23-9 

•  • 

1111 

7-4 

0-9 

5-9 

0-09 

10-1 

17-7 

38-7 

0-90 

117-1 

6-6 

1-4 

4-0 

•  • 

7-6 

17-7 

38-4 

0-73 

138-3 

7-1 

2-9 

16-9 

0-50 

1-7 

7-3 

39-7 

0-36 

100-3 

15-9 

1-9 

4-3 

0-13 

5-6 

20-9 

52-9 

0-73 

157-3 

10-0 

1-4 

5-3 

•  • 

6-7 

22-9 

66-7 

0-73 

146  0 

6-7 

3-1 

10-1 

•  • 

7-6 

12-4 

810 

107 

102-6 

5-6 

41 

8-6 

006 

5-9 

14-6 

26-4 

0-54 

Mean  of  Fivb  (ob  fewer)  Collections. 


-1 
-4 
•0 
-6 
-4 
-4 
•9 
•9 
'9 
9 
'3 
■6 
3 
•7 


147-4 

4-9 

5-4 

13-7 

016 

16-1 

20-7 

106  1 

98-1 

5-1 

1-7 

6-0 

0  12 

3-9 

10-7 

24-7 

124-3 

6-4 

5-4 

11-7 

0-13 

5-1 

111 

66-3 

143-9 

7-9 

4-4 

10-7 

0-20 

8-5 

20-7 

73-3 

181-4 

8-3 

2-9 

10-9 

0-07 

140 

26-1 

90-1 

197-3 

8-9 

2-7 

10-6 

0-27 

16-9 

39-4 

89-7 

1181 

5-9 

41 

56-1 

0-24 

18-4 

12-0 

41-0 

154-1 

7-4 

1-9 

7-1 

0-08 

13-9 

32-0 

44-4 

165-6 

7-3 

1-0 

6-6 

017 

15-3 

31-6 

51-3 

191-6 

6'G 

2-7 

24-6 

0-30 

151 

30-9 

96-7 

201-4 

9-3 

3-3 

6-1 

0-16 

17-4 

36-6 

86-9 

226-7 

11-6 

10 

5-6 

0-09 

19-2 

39-4 

99-7 

201-1 

7-9 

5-3 

14-3 

O-ll 

2t-2 

24-6 

123-9 

117-1 

1 

5-3 

2-4 

51 

0-09 

7-0 

U-4 

21-9 

0-63 
0-91 
1-54 
0-91 
017 


1 
1 
1 


44 
66 
26 


1-09 
1-01 
1-54 
0-91 


Ruin,  siueraoie    quantities    of    nitric    ; 

Et  drainage- waters   from  the  plots  i 

■k>  I  nitrate  of  sodium.     This  loss  of  n 

to  be,  from  an  agricultural  point  < 
ject  most  requiring  a  fuller  invc 
Rothamsted  has  therefore  been  chi 

auestion.     The  examination  of  tl 
etermination  of  the  quantity  of  n: 
with  qualitative  testing  for  amm 
methods  employed  were  the  same  as 
speaking  of  the  analysis  of  the  wa 
By  confining  the  examination  oi 
tion  of  the  two  constituents  just  n 
examine  a  far  larger  number  of  wat 
been  accomplished.     The  analyse 
waters  collected   in    1876,   eight 
thirty-six  series  collected  in    187 
1879-80,  and  forty  collected  in  18 
seasons,  individual  or  mixed   sam 
running  of  the  drains,  have  been 
total  number  of  samples  analysed 
part  of  these  analyses  were  made  bj 
summaries  of  the  very  numerous 
body   of  the  paper,  but  they  are 
Appendix  Tables. 

in  considering  the  facts  which  tl 
Frankland,  and  our  own  more  rece 
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Tablb  XLI. — Composition  of  Drainage- Waters  from  Broadbalk 
Field  in  parts  per  Million.     (Dr.  Franeuind.) 


Plot& 


Total 

SoUd 

Matter. 

Carbon 

inOri(anic 

Matter. 

Nitrogen  as : 

Chlorine. 

Organic 
Matter. 

Am- 
monia. 

Nitrates 

and 
Nitrites. 

Total 
Nitrogen. 

Total 
Hardness. 


Jantjabt  5, 1872. 


8 

512  0 

4-52 

1-41 

0-17 

25-9 

27-5 

33-5 

321 

U4 

3440 

2-17 

0-57 

0-02 

13-1 

13-7 

140 

206 

6 

482-4 

1-59 

0-60 

0-01 

14-2 

14-8 

14-5 

357 

6 

701-6 

1-57 

0-52 

0-01 

27-8 

28-3 

430 

500 

7 

862-4 

1-94 

0-65 

0-01 

47-4 

48-1 

68-5 

590 

8 

1239-6 

1-80 

0-83 

0-01 

78-4 

79-3 

112-5 

7«6 

9 

505-2 

1-51 

0-60 

0-01 

23-1 

23-7 

18  0 

335 

10 

734-4 

•  • 

•  • 

0-01 

55-6 

.  a 

73-5 

537 

11 

931-2 

0-90 

0-64 

0-01 

66-8 

67-5 

92-5 

628 

18 

1016-4 

1-09 

0-47 

0-00 

57-7 

58-2 

80-5 

681 

18 

1056-0 

1-24 

0-51 

000 

59-2 

59-7 

91-0 

696 

14 

1059-2 

1-63 

0-54 

0-01 

57-8 

58-4 

950 

711 

16 

1162-4 

1-27 

0-59 

001 

72-5 

73- 1 

57-5 

774 

16 

851-2 

12-13 

2-77 

0-01 

13-2 

160 

12-5 

248 

Mat  18,  ] 

L872. 

8&4 

165-0 

1-50 

0-24 

0-00 

0-3 

0-6 

10-5 

180 

6 

238-0 

1-35 

0-20 

000 

0-7 

0-9 

7-5 

218 

6 

363-0 

2-03 

0-29 

000 

0-5 

0-8 

110 

297 

7 

318-0 

1-67 

0-32 

000 

0-6 

0-9 

19-5 

277 

8 

881-0 

1-97 

0-52 

004 

09 

1-5 

16-0 

303 

9 

381-0 

1-80 

0-53 

000 

16-5 

17-0 

12-5 

242 

10 

3470 

1-39 

0-32 

000 

9-4 

9-7 

200 

262 

11 

396-0 

1-28 

0-28 

000 

8-3 

8-6 

230 

329 

18 

439-0 

1-72 

0-31 

000 

41 

4-4 

21-0 

400 

18 

484-0 

2-19 

0-51 

000 

3-2 

3-7 

21-0 

360 

14 

478-0 

2-47 

0-41 

0-00 

2-3 

2-7 

21-5 

373 

16 

426-0 

2-26 

0-47 

0-00 

2-2 

2-6 

9-5 

363 

Mean  op  Five  (ob  fewer)  Analy8E8. 


8 

312-8 

4-57 

108 

014 

9-2 

10-5 

18-8 

192 

8ft4 

209-3 

1-51 

0-34 

001 

3-8 

4-2 

101 

169 

6 

333-6 

1-88 

0-44 

0-02 

4-2 

4-6 

10-3 

238 

6 

493  0 

2-04 

0-48 

0-02 

9-5 

10  0 

26-3 

340 

7 

592-4 

1-84 

0-49 

0-10 

17-7 

18-3 

41-7 

400 

8 

681-8 

2-15 

0-65 

006 

23-4 

24-1 

50-2 

425 

9 

382-9 

2-10 

0-61 

0-02 

13-0 

13-6 

130 

228 

10 

476-7 

1-68 

0-51 

004 

21-2 

21-7 

42-2 

329 

11 

554-9 

1-35 

0-41 

0-03 

23-4 

23-9 

45-6 

392 

18 

639-6 

1-47 

0-40 

0-02 

20-2 

20-6 

41-6 

425 

18 

674-3 

215 

0-67 

002 

21-5 

22-2 

46-2 

454 

14 

662-6 

2-21 

0-54 

003 

20-3 

20-9 

46-0 

446 

16 

562-9 

2-63 

0-77 

002 

17-6 

18-4 

21-1 

397 

16 

281-1 

5-61 

1-34 

001 

6-6 

7-9 

10-8 

206 
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Influenee  of  the  Character  and  Stage  of  the  Runninif. 

yflle  have  already  called  attention,  when  speaking  of  the  voen 
obtained  from  the  drain-gauges,  to  the  existence  of  twodiilinfl 
kinds  of  drainagc-fvater  in  our  clay  soils,  one  which  ba$  cmnr 
directly  from  the  surface  through  small  channels  in  the  mil, 
and  the  other  which  consists  of  the  general  discbarge  of  ihf 
saturated  soil  ;  this  fact  »  of  considerable  help  in  vxplniiUD^ 
the  variations  in  composition  observed  in  the  drainage-waUn 
from  the  same  ploL  Supposing  that  the  soluble  matter  in  a  toil 
is  eijualbi  diffused  throughout  it,  the  drain  age- water  will  be 
weaker  in  proportion  as  surface-water  preix>n derates  in  the  ili*- 
charge.  This  surface-water  will  consist  partly  of  the  ditchat^ 
from  the  upper  layer  of  soil,  and  partly  of  little  allcml  lain- 
water,  both  of  these  gaining  access  to  the  drains  through  ih' 
channels  in  the  soil.  This  drainage  from  the  surface  will 
precede  the  general  discharge  from  the  mass  of  soil  above  tlia 
drain-pipe.  The  admixture  of  rain-water  will  be  laosl  ran- 
siderable  during  heavy  rain,  when  water  accumulntM  on  t' 
surface  of  the  land,  as  water  wilt  then  stand  over  the  hnuls  of 
existing  channels.  Drainage  from  the  surface  will  cease  vy»* 
after  rain  has  stopped,  the  upper  layer  of  soil  being  I  lie  fin* 
to  lose  its  supersaturated  condition.  As  the  running  at  tbr  P'p^ 
diminishes,  the  drainage-water  will  be  successively  furnished  I 
lower  and  yet  lower  layers  of  soil,  till  the  soil  is  no  longer  a 
supersaturated  condition  above  the  drain-pipe. 

Under  the  conditions  assumed,  it  is  clear  that  th«!  dniiiu^ 
water  collected  at  the  cointaeocement  of  a  running  will  lie  uiut 
weaker  than  that  collected  at  the  end.  A  collection  made  dniit 
a  heavy,  long-continued  rain,  when  the  drains  are  rapidly  tli= 
charging,  will  also  be  much  wcakerthan  a  collection  made  fnii 
the  same  soil  when  the  rainfall  is  moderate,  and  the  diachnr^ 
contains  a  less  proportion  of  surface-water. 

This  is  exactly  what  we  observe  in  studying  the  composiiin 
of  the  drain  age- waters  obtained  after  the  soluble  manures  Ii»» 
become  diffused  throughout  the  soil.  One  would  perhaps  hai 
expected  that  the  soluble  salts  (chlorides  fur  instance)  applie 
to  the  land  as  manure  would  appear  in  gradually  diminiibio 
proportion  in  the  drainage- waters,  each  succeeding  dischat^ 
being  weaker  than  the  one  preceding;  this,  howRver,  is  nnl  th: 
case.  The  soluble  salts  are  indeed  gradually  removed  tn  tt 
drain  age- waters,  but  weak  discharges  are  followed  by  «ron. 
and  strong  by  weak,  the  comnositiaa  uf  llus  mmtat  ^Inra-iMliiMiC 
the  amount  of  the  ni 
the  stage  oE  the  Tuniu: 
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There  is  usually  a  distinction  visible  to  the  eye  between  an 
mtflow containing  much  direct  channel  water,  and  one  consisting' 
wholly  of  the  true  discharge  from  the  soil ;  the  former  is  usually 
nore  or  less  turbid,  the  latter  always  clear.  The  direct  channel- 
wsAer  is,  in  fact,  always  turbid,  save  after  hard  frost,  or  shortly 
ifter  the  application  of  the  artificial  manures.  We  owe  to 
W,  Skey,  and  to  Th.  Schloesing,  the  observation  that  the 
presence  of  various  salts,  especially  salts  of  calcium,  determines 
the  coagulation  of  the  particles  of  clay.  In  Broadbalk  Field 
the  drainage-waters  from  the  plots  receiving  ammonium-salts  are 
especially  bright  for  some  little  time  after  these  salts  have  been 
Applied  ;  nitrate  of  sodium  does  not  produce  the  same  result.  The 
Teason  of  this  fact  is  that  ammonium-salts  gpreatly  increase  the 
amount  of  lime  in  the  drainage-waters,  the  sulphate  or  chloride  of 
ammonium  reacting  upon  the  chalk  of  the  soil,  sulphate  and 
chloride  of  calcium  being  produced,  while  nitrate  of  sodium 
produces  no  such  effect. 

An  excellent  illustration  of  the  difference  in  composition  of 
forbid  and  clear  waters  is  afforded  by  Frankland's  analyses  of 
January  19,  and  February  26,  1873.  On  January  19  there  was 
^  small  flow  of  the  drains  ;  all  the  waters  were  clear.  The  next 
nnning  took  place  on  February  26.  There  was  again  a  small 
ow,  resulting  from  the  thaw  of  snow  ;  all  the  waters  were  turbid. 
He  mean  composition  of  the  dissolved  matter  in  the  drainage- 
ater  from  Plots  7,  8,  10,  11,  12,  13,  and  14  on  these  two  dates 
Jl  be  found  in  Table  XLII. 

^^1*1  XLII. — Composition  of  Clear  and  Turbid  Drainage-Waters 
^m  Broadbalk  Field,  in  parts  per  Million.   (Dr.  Frankland.) 


Total 

S«.Ud 

Matter. 

Nitrogen  as 
C2arbon   ' 

^'>ateofCollecUon. 

Matter. 

Am- 
monia. 

Nitrates 

and 
Nitrites. 

Total 
Nitrogen. 

Chlorine. 

1873. 
*^  19  (clear) 

*^- 26  (turbid)    .. 

543-9 
311-3 

I 

1-21  i     0-39 
2-96       0-78 

•03 

•07 

152 

6-1 

15-6 
6-9 

27-6 
13-7 

'%  will  be  seen  that  while  the  total  solid  matter,  and  especially 
^  nitrates  and  chlorides,  are  greatly  diminished  in  the  turbid 
^^r,  the  organic  matter  and  the  ammonia  have  greatly  in- 
^^ised.  The  excess  of  organic  matter  in  turbid  waters,  and 
^  increase  in  the  proportion  of  carbon  as  the  turbidity 
^teases,  have  been  already  noticed    when   s\^aku\^  ot  iVyfe 


• 


i 


1 


Slightly  turbid 
Turbid  ..      .. 
Very  turbid  . . 


32 

28 
6 


The  proportion  of  carbon  to  nit 
from  cropped  land  is  seen  to  be  ra 
from  a  bare  fallow  (see  p.  65). 

As  an  illustration  of  the  differ 
waters  at  the  commencement  and  < 
the  next  page  the  amounts  of  nitri 
the  drainage-waters  collected  on  i 
and  on  the  morning  of  the  follow 
lection  was  made  about  one  houi 
running ;  the  collection  next  m 
drains  were  ceasing  to  run. 

The  increase  in  the  chlorides  an 
the  running  is  here  extremely  str: 
on  June  2  were  all  more  or  less  1 
Plots  3&4,  5, 9,  and  12-18.  The  ^ 
all  clear.  This  year  the  ammonium 
in  autumn,  and  to  all  other  plots  ii 

We  have  already  stated  that  tb 
increase  in  strength  towards  the  eni 
cases  in  which  the  soluble  salts  are 
throughout  the  soil ;  it  applies,  i 
When  soluble  manures  have  recent! 
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Tabls  XLUI. — Chlorine  and  Nitbooen  as  Nitbic  Acid  in  Dsainagi- 
Watxbs  from  Bboadbalk  Field  collected  near  the  beginning  and 
end  of  a  running,  in  June  1879,  in  parts  per  Million. 


Manuring. 

Jane  2. 

Junes. 

Plots. 

Chlorine. 

Nitrogen 
as 

Nitrates. 

Chlorine. 

Nitrogen 
aa 

Nitratea. 

U4 

Unmanured        

0-8 

none 

2-3 

0-9 

6 

Mixed  Mineral  Manure   . . 

0-6 

none 

31 

1-5 

6 

200  lbs.  Amm.  Salts  and  Mine. 

12-6 

0-9 

23-6 

40 

7 

400  lbs. 

22-3 

30 

430 

6-5 

8 

600  lbs. 

38-9 

9-3 

58-4 

13-8 

9 

550  lbs.  Nit  Sodium  and  MinB. 

2-2 

120 

7-6 

31-7 

10 

400  lbs.  Ammonium-Salts 

34-8 

16-2 

61-4 

25-7 

11 
12 
18 
14 
15 

Ditto,  with  Superphosphate     . . 
Ditto,  ditto,  with  Sulpn.  Sodium 
Ditto,  ditto,  with  Sulph.  Potass. 
Ditto,  ditto,  with  Sulph.  Mag. .. 
400  lbs.  Amm.  Salts  and  Mins. 

37- 1 
35-8 
33-9 
34-6 
4-5 

10-7 
7*8 
4-3 
7-3 
3*2 

66-9 
59-8 
63- 1 
43-3 
121 

18*6 
13-3 

7-9 
10-5 

7-9 

17 

Mixed  Mineral  Manure    .. 

2-5 

none 

7-3 

1-5 

18 

400  lbs.  Ammonium-Salts 

29-7 

3-9 

56-7 

7-7 

irieqiieiit  intervals  while  the  drains  were  running,  with  the 
^fpecial  object  of  ascertaining  if  any  alteration  in  the  compo- 
^^ion  of  the  waters  occurred.  A  selection  of  some  of  the  more 
^^'^-^•acteristic  results  recorded  for  Plots  12  and  13  during 
^  ^^ngle  season  will  be  found  in  Table  XLIV.  Numerous 
^^^^r  hourly  collections  have  been  made,  showing  similar 
'^^^lU, 


^  he  ammonium-salts  were  applied  to  Plots  12  and  13  on 
"^^^^•ch  12,  1879.  The  first  running  of  the  drains  occurred  on 
^F^^^l  7  ;  the  pipes  had  been  running  for  at  least  an  hour  when 
th^  first  collection  was  made ;  the  size  of  the  stream  was  then 
'J^^^^'Ht  two-tenths  of  the  pipe.  No  rain  fell  during  the  collec- 
^^^■c^s;  the  waters  were  all  clear.  The  result  of  the  hourly 
^'^^^^-snination  made  shows  that  both  chlorides  and  nitrates  had 


inished  to  less  than  one-half  of  their  first  amount  by  the 
the  drains  had  ceased  to  run,  eight  hours  after  the  first 
collection. 

The  next  running  took  place  on  April  13.  The  pipes  ran 
lo^  at  least  an  hour  before  the  first  collection  at  2  P.M.  The 
*^^^  of  the  stream  at  this  time  was  about  four-tenths  of  the  pipe. 
The  Waters  were  clear.  It  will  be  noticed  that  the  chlorides  in 
"^*  first  collection  at  this  date  are  much  larger  than  they  were  at 
*~®  end  of  the  previous  running,  the  drains  being  now  fed  by 
*'*®  discharge  of  a  higher  layer  of  soil ;  the  chlorides  also  do 
^^^  iWU  so  low  at  the  close  as  in  the  previous  case,  the  soluble 
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i'lot  13  ;  the  subsequent  collections  were  all  clear.  During  the 
irst  three  hours  it  will  be  seen  that  the  waters  became  stronger, 
>ut  that  afterwards  they  became  decidedly  weaker.  We  are 
lere  perhaps  at  the  turning-point  for  the  season :  the  layer 
»f  soil  richest  in  chlorides  lies  now  not  far  above  the  level  of 
he  drains. 

The  runnings  of  these  plots  on  June  2  and  3  have  been 
klready  given  (Table  XLIII.) ;  the  succeeding  runnings  on 
fuly  1  and  August  3, 1879,  and  February  17,  1880,  are  given  in 
Table  XLI V.  These  are  by  no  means  the  only  runnings  which 
occurred  during  the  season,  which  was  very  wet,  they  are  se- 
ected  as  giving  a  fair  idea  of  the  condition  of  the  waters  at 
certain  characteristic  periods.  It  will  be  seen  that  from  June 
inwards  the  chlorides  in  the  drain  age- waters  tend  to  increase 
IS  the  flow  of  water  diminishes,  the  upper  soil  being  now 
K>orer  in  chlorides  than  the  soil  immediately  surrounding  the 
Irain-pipes. 

The  nitrates,  being  salts  nearly  equally  diffusible  with  the 
chlorides,  generally  rise  and  fall  with  them,  though  frequently  in 
rery  different  proportion.  Cases,  however,  may  occur  in  which 
he  chlorides  and  nitrates  are  not  distributed  throughout  the  soil 
n  the  same  manner.  As  nitrification  takes  place  most  actively 
Q  the  upper  layers  of  soil,  a  band  of  nitrates  may  be  formed 
lear  the  surface  of  a  soil  in  which  the  chlorides  are  already  toler- 
blj  diffused.  In  such  a  soil  the  nitrates  may  diminish  in  the 
rainage-water  with  a  diminishing  flow  of  the  drains,  while  the 
hlorides  increase.  An  excellent  example  of  this  is  afforded  by 
le  runnings  of  Plot  15  on  Nov.  15  and  16, 1880.  Plot  15  had 
sceived  its  ammonium-salts  on  Oct.  25  ;  heavy  rain  followed 
-om  the  26th  to  the  29th  ;  the  chlorides  were  thus  washed  into 
le  lower  layers  of  the  soil  before  any  considerable  nitrification 
ad  taken  place.  On  Nov.  15,  when  the  drains  next  ran,  the 
irface  soil  had  become  rich  in  nitrates,  the  chlorides  occupying 

much  lower  level.  In  three  successive  collections  the  nitrogen 
nd  chlorine  found  were,  in  parts  per  million,  as  follows : — 


November  15,  4  p.m. 

16,  8  A.M. 
16,  2  P.M. 


Nitrogen  as 
Nitrates. 

Chlorine. 

67-8 
50- 0 
34-6 

390 
60-6 
631 

The  nitrates  thus  fell  very  considerably  towards  the  end  of  the 
anning,  while  the  chlorides  as  strikingly  increased. 
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Total  Solid 

Lime  and 

i 

Matter. 

Magnesia.* 

\ 

Per  Million. 

Per  Million. 

I'e 

8 

367-2 

123 

8&4 

227-8 

99 

6 

829-8 

132 

6 

450-3 

171 

7 

542*4 

207 

8 

616  1 

222 

9 

405-7 

126 

10 

44.1-8 

173 

11 

490-4 

197 

12 

585-3 

218 

18 

609-3 

232 

14 

630-6 

244 

15t 

571-3 

217 

16 

284-6 

120 

Two  of  the  plots  in  Broad ba 
receive  no  manure.  On  Plot  3  &  4 
manured  since  1840  ;  while  the  o 
for  the  crop  of  1851 ;  Plot  16  ^ 
of  1864.  The  drainage-water  fi 
much  less  solid  matter  in  soluti 
other  plot  in  the  field  The  mean 
analyses  (Table  XLV.)  shows  s 
227*8  per  million  in  the  draina^ 
284*6  in  the  water  from  Plot  16. 
of  this  solid  matter  are  calcium-sa 
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tts  of  the  drainage-water,  the  dissolved  matter  rising  to 
per  million.  The  sulphate  of  calcium  present  in  the 
phosphate,  and  the  sulphate  of  sodium,  are  the  chief  cou- 
nts of  the  manure  which  appear  in  the  drainage-water: 
Iphates  of  potassium  and  magnesium  also  react  on  the  lime 
ned  in  the  soil,  and  furnish  a  further  supply  of  sulphate  of 
m  to  the  water. 

len  ammonium-salts  are  applied  to  the  land,  the  quantity 
tter  removed  in  the  drainage-water  is  much  increased; 
n  the  water  from  Plot  10,  receiving  400  lbs.  of  ammonium- 
alone,  the  dissolved  matter  reaches  441*8  per  million. 
I  ammonium-salts  are  added  to  the  mixed  mineral  manure, 
lid  contents  of  the  drainage-waters  rises  in  proportion  to 
uantity  of  these  salts  applied.  Thus  in  the  drainage-waters 
Plots  6,  7  and  8,  to  which  200,  400  and  600  lbs.  ofammo- 
-salts  are  applied,  the  mean  proportion  of  total  solid  matter 
pectively  450*3,  542*4,  and  615*1  per  million, 
e  solid  matter  removed  from  the  soil  by  the  agency  of  the 
inium-salts  consists  chiefly  of  sulphate,  chloride,  and  ni- 
3f  calciuip.  Probably  the  whole  of  the  sulphuric  acid  and 
ne  contained  in  the  ammonium-salts  unites  with  lime  and 
esia  in  the  soil ;  the  resulting  salts  being  soluble,  they 
ye  removed,  to  a  greater  or  less  extent,  in  the  drainage- 
as  soon  as  a  sufficient  rainfall  occurs.  The  400  lbs.  of 
>nium-salts  would  be  able  to  remove  annually  from  the 
n  this  way  about  172  lbs.  of  lime.*  The  actual  loss  of 
vould,  however,  be  somewhat  less,  as  a  part  of  the  sulphuric 
tnd  chlorine  of  the  ammonium-salts  would  be  retained  by 
"op.  LfOss  of  lime  will  also  occur  as  nitrate  of  calcium, 
onia  is  speedily  oxidised  to  nitric  acid  in  the  soil ;  this 
combines  with  lime  and  magnesia  in  the  soil,  and 
es  appear  in  the  drainage-water.  Supposing  that  the 
(  of  the  ammonia  were  converted  into  nitric  acid,  and  that 
esulting  nitrates  were  entirely  lost  by  drainage,  the  soil 
I  suffer  a  further  loss  of  about  172  lbs.  of  lime  for  400  lbs. 
imonium-salts  applied.  On  a  cropped  soil,  of  course,  the 
n  this  score  would  be  greatly  diminished,  as  the  crop  would 
ilate  a  large  part  of  the  nitrates  formed.  The  action  of 
»nium-salts  in  impoverishing  a  soil  of  lime  and  magnesia 
1  always  be  borne  in  mind  when  their  application  to  soils 
A  lime  is  in  question. 

•  * 
lis  amount  of  lime  would  of  course  not  be  removed  in  the  first  year  of  the 
lion  of  ammonium-salts,  unless  the  drainage  were  especially  excessive, 
rever,  the  soil  became  yearly  richer  in  soluble  calcium-salts,  tne  drainage- 
roold  increase  in  strength,  until  at  last  the  loss  by  drainage  balanced  the 
iMeipt. 


I 

ll 

I 

1 


1 


tions  within  the  soil  by  which 
lime  or  magnesia  soluble. 

From  Plot  10  to  15  there  is  a 
of  lime  contained  in  the  water, 
superphosphate  of  lime  to  Plot  ] 
by  the  sulphates  of  sodium,  poU 
to  Plots  12,  13,   14;   the  two 
greatest  influence  in  removing  '. 
being  to  a  large   extent   retaine 
phuric  acid  passes  into  the  drain 

The  steady  increase  in  strengtl 
15  is,  however,  much  greater  ths 
above  considerations,  and   is   shj 
stituents;  the  waters  from  Plots 
among   the   strongest  in  the  fiel 
strength  the  water  from  Plot  8. 
drainage  from  Plot  15  does  not  a] 
Table  XLV.  for  the  reason  mem 
regard  simply  the  five  analyses  m 
their  ammonium-salts  in  the  aut 
drainage- water  from  Plot  15  com 
lime,  and  more  total  solid  matter 
the  field.     As  there  is  no  obvic 
tion  of  the  manure  for  this  unus 
water,  the  cause  must  be  sought 
ing  the  drainage  at  this  part  of 
come  aeain  before  us  further  on 
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agnesia  onlj  ranges  from  3  *  5  to  5  *  5  per  cent,  of  the  lime,  and 
ses  or  falls  with  it.  Plot  14,  which  receives  nearly  three  times 
'  much  magnesia  as  Plots  5—8,  is  no  exception,  the  magnesia 
the  water,  though  the  greatest  in  absolute  quantity,  being 
'i  only  5*1  per  cent,  of  the  lime.  Where  sulphate  of  mag- 
ium  was  applied  (excepting  on  Plot  14)  the  amount  of 
^nesia  in  the  drainage  alone,  that  is  besides  the  smaller 
>MJLTki  in  the  crops,  was  approximately  the  same  as  in  the 
ti:ftre,  but  in  the  other  cases  the  soil  itself  contributed  not 
'b.  less  magnesia  to  the  waters. 

OT  the  purpose  of  illustrating  the  annual  losses  of  lime  and 

risesia  which  the  soil  suffers  by  drainage,  we  will  assume  that 

annual  drainage  in  Broadbalk  Field  amounts  to  10  inches 

illion  lbs.),  and  that  it  has  the  composition  shown  by  the 

analyses  of  Voelcker  and  Frankland  given  in  Table  XLV. 

'     lime  and  magnesia  annually  lost  by  the  unmanured  Plot 

t    will  then  be  223  lbs. ;  by  Plot  5,  receiving  only  mineral 

^mire,  297  lbs. ;  by  Plot  9,  receiving  nitrate  of  sodium  and 

a  dressing  of  mineral  manure,  284  lbs. ;  by  Plot  10,  receiv- 

400  lbs.  of  ammonium-salts   only,  389  lbs. ;   by  Plot   11, 

^xving  400  lbs.  ammonium-salts  and  superphosphate,  443  lbs. ; 

-    by  Plots  6,  7,  8, 12,  13,  14,  receiving  an  average  of  400  lbs. 

CKionium-salts,  with  the  sulphates  of  potassium,  sodium,  and 

S^esium  in  addition,  a  mean  of  485  lbs.  per  acre.    A  reference 

T*able  XXXVIII.  will  show  that  the  quantity  of  lime  and 

g^nesia  in   the  usual  dressing  of  mineral  manure  is  104  lbs., 

amount  lost  is  thus  greatly  in  excess  of  that  applied   to 

land.     The  estimates  just  given  are  probably  rather  below 

•*i  above  the  truth. 

*  he  amount  of  phosphoric  acid  found  by  Dr.  Voelcker  in 

*  drainage-waters  was  very  small.  The  determinations 
pe  were  few  in  number,  and  the  results  display  little  regu- 
^V*  It  is,  in  fact,  left  uncertain  whether  the  amount  of 
^phoric  acid  is  increased  by  the  use  of  phosphatic  manures, 
whether  it  is  influenced  by  the  addition  of  ammonium-salts. 
^  mean  of  all  the  determinations  gives  0*93  of  phosphoric 
^  per  million  of  water.    If  we  assume,  as  before,  10  inches  as 

average  annual  drainage  in  Broadbalk  Field  (in  recent  wet 
'^  the  drainage  would  be  much  greater),  the  annual  loss  of 
^phoric  acid  by  drainage  would  be  2*1  lbs.  per  acre, 
'^^he  determinations  of  potash  are  much  more  numerous  than 
^  of  phosphoric  acid ;  they  also  display  great  irregularity. 
^^  quite  evident,  however,  that  where  potash  was  applied  in 
xnanure,  the  amount  is  distinctly  increased  in  the  drainage- 
^r.  The  drainage-waters  from  the  six  plots  receiving  no 
^sh  contain  an  average  of  1*6,  and  the  waters  from  the  el^ht 


I>uuiiu  auiu.  me  water  from 
contains  a  mean  of  6'1  of  soda 
five  plots  receiving  100  lbs.  of 
contains  a  mean  of  11*6  per  mil 
of  sulphate  of  sodium  are  appli 
24-6  per  million.  Where  550 
a|)plied  (Plot  9),  the  soda  in  the  d 
million.  As  sodium-salts  are  v 
power  of  soil  for  soda  is  very  si 
regular  supply  of  soda  there  wi 
nearly  equal  amount  in  the  drai 
soda  annually  assimilated  by  the 
three    only  of  the    plots   in    Bn 

The  soda  found  in  the  dralna 
plots  will  be  derived  from  rain  ; 
diffusion  from  the  neighbouring  s 
the  chlorides  present  in  the  rail 
common  salt,  the  rain  analysed  < 
1877—80,  would  have  supplied  am 
A  part  of  the  sulphates  in  rain  ma 

It  is  obvious  that  if  the  phosphoi 
manure  have  not  escaped  to  any  st 
water,  the  portion  unused  by  tl 
up  in  the  soil.  In  October  1865, 
taken  from  eleven  of  the  plots  in 
first,  second,  and  third  9  inches 
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s  what  residue  of  each  constituent  of  the  manure  should 
I  in  the  soil,  supposing  no  loss  had  occurred  bj  drain- 
was  found  on  making  the  calculation  that  the  phos- 
acid  applied  as  superphosphate  was  pretty  fairly 
kI  for,  the  excess  of  phosphoric  acid  being  found  stored 
e  first  and  second  9  inches  of  the  soil,  but  chiefly  in  the 
^f  the  potash  applied,  a  considerable  amount  was  found 
ml,  chiefly  in  the  first  9  inches,  but  a  large  quantity 
i  unaccounted  for ;  as  it  was  clear  that  very  little  had 
in  the  drainage-water,  Hermann  Liebig  concluded  that 
[)een  converted  into  a  silicate  insoluble  in  acetic  acid, 
iilphuric  acid  applied,  only  a  small  amount  was  found  in 
.  Of  the  soda,  no  excess  was  found  due  to  the  manures 
save  in  the  soil  receiving  farmyard-manure.  The  sul- 
cid  and  soda,  being  diffusible  bodies,  had  clearly  been 
less  completely  removed  in  the  drainage-water. 
lay  obtain  evidence  of  the  retention  or  non-retention  by 
3rcrop  of  many  of  the  substances  applied  in  the  manure, 
aring  the  relative  proportion  of  the  constituents  present  in 
ure  with  the  relative  proportion  of  the  same  constituents 
1  the  drainage-water;  if  no  constituent  of  the  manure 
1  abstracted  by  the  soil  or  crop,  we  shall  find  that  the 
^nts  of  the  drainage-water  bear  the  same  proportion  to 
sr  as  in  the  manure ;  while  any  assimilation  by  the  crop,  or 
I  by  the  soil,  will  lower  the  proportion  of  the  constituents 
)ropriated  in  the  drainage-water.  Thus,  taking  seven 
eiving  phosphoric  acid,  the  mean  proportion  of  sulphuric 
phosphoric  acid  in  the  manures  applied  is  1000  :  194;  but 
ainage- water  from  these  plots  the  proportion  is  1000  :  17, 
a  large  retention  of  the  phosphoric  acid.  Again,  taking 
lots  receiving  a  full  dressing  of  potash,  we  find  that  the 
lation  of  sulphuric  acid  to  potash  in  the  manure  is 
rS  ;  while  in  the  drainage-water  from  these  plots  the  rela- 
1000  :  50,  showing  a  consumption  or  retention  of  more 
r-fifths  of  the  potash.  On  the  other  hand,  the  relation 
mric  acid  to  soda  in  the  manure  of  seven  plots  is 
J3  ;*  while  in  the  drainage- water  the  relation  stands 
n,  showing  that  a  little  more  sulphuric  acid  than  soda 
I  taken  up.  In  the  manure  of  nine  plots  the  relation  of 
cacid  to  chlorine  is  1000 :  367  ;*  in  the  drainage- waters 
n  the  proportion  is  1000  :  382,  showing  that  rather 
Iphuric  acid  than  chlorine  has  been  retained.  Thus 
le  phosphoric  acid  and  potash  are  largely  retained  by 

kking  these  calculations  the  estimated  amounts  of  sulphuric  acid, 
nd  soda  in  the  rainfall  of  the  seasons  in  question,  have  been  added  to 
ties  applied  as  manure. 


Ill 


.f  aciu  man  lor  chlorine. 

We   have  examples   both   in   1 
Frankland   of  the  alteration  in 


waters  at  different  periods  of  the 
and  in  Table  XLI.  will  be  foun< 
from  all  the  plots  in  January,  an 
of  spring.      The  drainage-waten 
after  the   application  of  the  mai 
manures  (excepting   the  nitrate 
October  at  the  time  to  which  tl 
drainage-waters  are,  in  this  case, 
total  solid  matter  dissolved  in  tl 
diminished,  save  in  the  case  of  P 
dressing  of  nitrate  of  sodium  in 
strength  as  the  season  advances  i 
plots  most  heavily  manured,  and 
unmanured  land. 

A  nearer  inspection  of  the  figure 
-  WMM  sii'e  not  only  weaker,  but  of  a  difTc 

liljH  collected  in  winter.     The  dissolve 

contains  as  large  a  proportion  of  li 
the  winter  waters,  and  perhaps  ra 
lime  and  magnesia  are  differently 
nitric  acid,  sulphuric  acid,  and  ch] 
since  the  winter,  and  the  lime  is 
by  carbonic  acid ;  the  waters  of  t 
nearly  approach  the  waters  from  t 
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The  remaining  constituents  of  drainage-water  that  we  have  to 
mention,  namely  the  chlorides,  ammonia,  and  nitrates,  bring  us 
0  the  point  at  which  we  can  make  use  of  the  additional  facts 
tmished  by  recent  work  at  Rothamsted.  As  any  detailed 
stements  must  be  omitted  for  want  of  space,  we  can  only 
A3xder  the  general  facts  which  the  results   of  the   analyses 


^Talorine  is  an  element  of  very  little  agricultural  importance. 
^  wheat-crops  in  Broadbalk  Field  assimilate  very  little  of  the 
>^des  applied  in  the  manure ;  in  the  corn  practically  no 
=>nne  is  found  ;  in  the  straw  only  a  small  and  variable  quan- 
<->      Regarded  simply  as  plant-food,  chlorides  might  easily  be 

issed  from  consideration.     For  our  present  purpose,  how- 
the  chlorides  have  a  special  and  very  considerable  im- 

nce.  Chlorides  and  nitrates  are  both  salts  for  which  soil 
apparently  no  chemical  retentive  power ;  they  are  held 
^oil  merely  as  in  a  sponge  :  their  distribution  in  the  soil  is 
^  regulated  by  the  amount  of  rain  falling  on  the  surface,  and 
^\e  ordinary  laws  of  diffusion.  As  the  amount  of  chlorine 
^liedto  each  plot  in  the  manure  is  with  a  single  exception 
c>t  2)  fairly  well  known,  the  proportion  of  chlorine  contained 
^he  drainage- water  becomes  an  excellent  indication  of  the 
^nt  to  which  the  soluble  constituents  of  the  manure  have  been 
^lied  out  of  the  surface  soil ;  it  enables  us  to  judge  of  the  rela- 
^  concentration  of  the  water  issuing  from  different  pipes ;  it 
c>  indicates  in  certain  cases  whether  a  mixture  of  the  drainage- 
^rs  has  taken  place.  A  good  instance  of  the  important  lessons 
^ich  may  be  learnt  from  a  series  of  chlorine  determinations 
^  been  already  afforded  when  considering  the  alteration  in 
Imposition  of  drainage-waters  in  different  stages  of  their 
lining  (Table  XLIV.).  Facts  ascertained  with  regard  to 
^lorides  will  be  equally  true  of  the  other  soluble  diffusible 
tits  present  in  the  soil. 

In  Tables  XLVI.  and  XLVII.  will  be  found  a  summary  of  the 
nount  of  chlorine,  and  of  nitrogen,  in  the  form  of  nitric  acid, 
;curring  in  all  the  principal  runnings  of  the  drain-pipes  during 
ree  years,  November  1878  to  October  1881.  These  years 
elude  long  periods  of  exceptionally  high  rainfall,  in  which  the 
ains  ran  with  unwonted  frequency ;  they  furnish,  in  all,  instances 
49  runnings  in  which  nearly  every  pipe  participated,  and  thus 
'brd  material  for  trustworthy  averages,  showing  the  relative 
laracter  of  the  discharge  from  each  plot.  Excepting  during 
e  first  3^  months,  the  drainage  system  of  the  field  was  also 
r  the  whole  of  this  period  provided  with  the  later  improve- 
mts  already  mentioned  (page  83). 
The  form  of  the  Tables  is  arranged  so  as  to  a\A\\ie  ^\.\x^>3  ^\^^ 
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production  and  removal  of  nitrates.  The  so-called  "  Winter 
season  begins  with  the  sowing  of  the  mnnures  towards  the  ead 
of  October,  and  continues  till  the  sowing  of  spring  nunnni 
early  in  March.  The  so-called  "Spring"  coincides  with  the 
early  growth  of  the  crop,  and  concludes  with  the  end  of  May. 
"Summer"  is  here  reckoned  as  the  period  in  which  the  crop  hat 
full  possession  of  the  land,  and  lasts  from  the  beginning  of  Jane 
to  the  commencement  of  harvest,  "Autumn"  is  reckoned  frojo 
harvest  to  the  date  of  manure  sowing  in  October.  For  each  <i( 
these  four  periods  the  analysis  of  the  first  and  last  general 
running  of  the  drains  is  given,  whenever  such  occurred  ;  also  thf 
mean  of  all  the  general  runnings  in  the  period.  The  prngressiie 
alterations  in  the  composition  of  the  water  are  thus  plainly  shonn. 

In  reading  Table  XLVI.  we  must  remember  that  100  lbs.  of 
chloride  of  ammonium  are  applied  to  Plot  6,  200  lbs.  to  Plot  7, 
and  300  lbs.  to  Plot  8 ;  while  Plots  10,  11,  12,  13,  14,  15.  anJ 
one  of  the  alternating  Plots  17  and  18,  receive  annually  200  lbs. 
Plots  3&4  and  Iti  are  unmanured,  and  receive  only  the 
chlorine  contained  in  the  rain  (see  Part  I.  of  this  paper).  Plots 
5,  9,  and  19  have  no  chlorine  intentionally  supplied  in  the 
manure,  but  the  first  two  will  receive  a  little,  owing  to  the  acci- 
dental impurities  of  commercial  salts.  The  plot  of  the  alter- 
nating series,  IT  and  18,  which  receives  the  mineral  manure, 
will  have  more  or  less  of  unwashed-oul  chlorides  remaining  in 
the  soil  from  the  application  of  ammonium-salts  in  the  preceding 
year.  Plot  19  will  also  contain  some  residue  of  its  prevf 
manuring  with  chlorides. 

During  the  whole  of  the  three  seasons  (1878-9  U>  1880-gl) 
included  in  the  present  tables,  the  ammonium-salts  have  becu 
applied  to  Plot  15  in  the  autumn,  and  to  all  other  ammonia  plots 
in  the  spring.  Of  the  alternating  plots  (17  and  18),  Plot  17 
received  the  ammonium-salts  in  the  spring  of  1878  and  1880; 
and  Plot  18  in  the  spring  of  1879  and  1881.  The  nitrate  of 
sodium  on  Plot  9  has  always  been  applied  in  the  spring. 

A  glance  at  the  results  in  Table  ALVI.  will  show  that  ibe 
draitinge-waters  are  all  extremely  rich  in  chlorides  immediately 
after  the  application  of  the  ammonium-salts.*  The  amouni  uf 
chlorine  in  the  first  runnings  of  the  plots  receiving  1}00  lb*, 
of  chloride  of  ammonium  has  averaged  89*7  per  million  during 
the  three  years  in  question,  has  frequently  exceeded  101),  and  in 
one  case  reached  IfiO  per  million.  The  amount  of  chlorine 
in  the  drain  age- waters  reaches  its  minimum  at  the  end  uf  tbc 
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•Ji  XIiVL — Csix>Km  in  Bboadbalk  DKAiNAaR-WATiBS  at  diSeient  SiASORa  <A 
B  Tkab,  with  the  Avebaqk  Amount  in  Thbeb  Tb&bs  (1878-9  to  1880-1),  in 
rto  per  MnjJON. 
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Table  XL VII, — Nitrooen  m  Nrauio  Arid  in  BnOAHnAt.K  Dn\^^il!^W«t 
different  Shasons  of  the  Yeah,  with  the  Averaok  Amol-xi  in  Tarn ' 
(1878-9  to  1880-1),  iu  purta  jier  Million, 
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^8  drainage,  immediately  before  the  fresh  application  of 
are.  The  minimum  for  Plot  15  occurs  at  the  end  .of 
mn,  and  that  for  the  other  plots  receiving  ammonia  at  the 
of  winter. 

he  amount  of  chlorine  present  in  the  drainage-water  at  the 
>d  of  minimum  varies  much,  according  to  the  amount  of 
ling  out  by  rain  during  the  preceding  year.  The  average 
ant  of  chlorine  per  million  of  water  for  seven  plots  receiving 
lbs.  of  chloride  of  ammonium  was  10*3  on  February  16, 

►  ;  20*1,  for  the  mixed  runnings  of  February  16,  17,  19, 
) ;  and  8*9  for  the  mixed  runnings  of  March  5,  6,  7,  1881. 
he  amount  of  chlorine  present  in  the  drainage-waters  at  the 
rent  seasons  is  extremely  variable.  Thus,  on  October  1, 
),  the  average  amount  qf  chlorine  in  the  drainage-water  of 
plots  was  17-4  per  million.  On  October  7,  1880,  at  2  P.M., 
water  from  the  same  six  plots,  running  at  about  the  same 
•  contained  an  average  of  33  1  per  million.      On  October 

1881,  four  of  the  same  drains  ran,  the  water  giving  an 
age  of  67*3  of  chlorine  per  million.  In  these  instances  the 
igth  of  the  water  entirely  depends  on  the  amount  of  washing 
the  soil  has  previously  suffered. 

/here  dry  weather  has  occurred  after  the  application  of  the 
•rides  they  may  remain  for  many  months  above  the  level  of 
drains,  and  when  a  running  of  the  drains  occurs,  the  water 
'  be  as  rich  in  chlorides  as  if  they  had  been  quite  recently 
lied.  Illustrations  of  this  will  be  found  in  the  runnings  of 
tember  14,  1880,  of  February  16,  1880  (Plot  15),  and  of 
list  30,  1881 ;  see  Table  XL  VI. 

'n  the  other  hand,  wet  weather  may  greatly  diminish  the 
unt  of  chlorides  in  the  soil,  even  when  the  drains  do  not  run, 
s.  Plots  7,  10,  11,  12,  and  13  ran  in  August  1881,  yielding 
rs  rich  in  chlorides  ;  they  ran  also  in  September  and  in  the 
Br  part  of  October.  Plots  8,  14,  and  18  did  not  run  before 
»ber  23,  but  instead  of  yielding  strong  waters  as  the  other 
did  on  their  first  running,  they  yield  waters  which  are 
i  comparable  with  those  of  the  now  partially  washed  out 
K  7,  10,  11,  12,  and  13.  The  loss  of  soluble  salts  suffered 
^e  soil  may  thus  be  greatly  in  excess  of  the  actual  pipe- 

:^ere  is  some  indication  that  when  a  period  of  severe 
ling  out  is  followed  by  a  considerable  interval  of  dry 
ber,  the  drains  on  again  commencing  to  run  will  yield 
r  stronger  than  what  they  yielded  on  leaving  off:  compare 
runnings  of  August  28,  and  October  1,  1879,  with 
i  of  February  16,  1880;    and  the  last   runnings  of  Plots 

►  5,  9,  15,  16,   17,   19,  in  March  1881,  with  their  first 
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runnings  in  the  autumn  of  the  same  year;  «ee  Table  XLVl. 
The  increase  of  cblurine  observed  in  these  instances  it  much 
the  greatest  in  the  case  of  Plots  3&4,  5,  9,  17,  receiving  im 
chlorides.  Supposing  soluble  salts  hare  been  witslietl  beliw 
the  level  of  the  drains,  it  is  natural  to  suppose  that  tUe^  woold 
to  some  extent  rise  again  bjr  difliision  when  the  tlonniFud 
of  water  ceases,  or  that  the  water  containing  thiM 
ilion  would  he  brought  again  to  the  surface  by  cnpillar^ 
attniction  during  dry  weather.  Simple  di£fusion  would  weiD, 
in  the  examples  Just  quoted,  to  have  been  the  most  sctirr 
agent  at  work,  the  increase  of  chlorides  being  by  far  the  mM 
considerable  in  the  ease  uf  plots  very  poor  in  ibis  coudtitDenl ; 
these  plots  have  clearly,  during  the  period  of  rest,  obttinai 
chlorine  from  the  subsoil  water. 

The  average  (igurea  at  the  foot  of  Tables  XLVI.  and  XLVH. 
are  the  means  of  4'.)  analyses  in  the  case  of  Plots  5,  G.  7,  9,  IK    ' 
12,  13  ;  of  48  analyses  In  the  case  of  Plots  3  ti  4,  10,  17,  l»i 
of  47  in  the  case  of  Plots  8,  15,  16;  and  of  43,  32,  and  !& 
analyses  in  the  case  of  Plots  14,  19,  and  2  respectively. 

The  average  amounts  of  chlorine  are,  with  one  eictltUoOt 
considerably  below  the  earlier  results  of  Voelcker  and  Irmfc" 
land  (Table  XLV.).  This  is  chiefly  due  to  the  veiy  ir*" 
character  of  the  last  three  seasons,  and  the  conseque-nt  diluli^' 
oi  the  drain  age- waters. 

Looking  first  at  the  plots  receiving  no  chlorides  in  it** 
manure^  we  see  that  the  unmanured  Plot  3&4  has  given  rv* 
an  average  49,  and  the  unmanured  Plot  16,  51  of  chlorine  p«^ 
million  of  drainage- water.  Plot  5,  receiving  mineral  manor* 
gives  b'2  ;  and  Plot  9,  with  nitrate  of  sodium,  and  A.dressiisl 
of  mineral  manure  on  half  its  surface,  gives  5'?  of  chlorine  p^ 

The  absence  of  any  considerable  amount  of  chlorine  in  ll*^ 
waters  of  these  plots  is  the  practical  test  that  a  mixtnre  •' 
drainage- waters  has  not  taken  place,  but  that  each  water  fair! .7 
represents  the  plot  to  which  it  belongs.  Plot  9  is  most  capsUl* 
of  acting  as  a  test  plot  in  this  respect,  lying  as  it  docs  belweo*' 
two  plots  receiving  chlorides,  and  one  of  them  (Plot  8)  receiria4i 
the  largest  amount  of  chlorides  of  any  in  the  field.  In  earli^* 
years  the  drain-water  from  Plot  9  occasionally  conUuned  moci' 
chlorine,  probably  through  mixture  with  surface-water.  In  ' 
running  on  December  8, 1868,  Franklaud  found  60-0  per  miltit**' 
of  chlorine  ;  in  a  running  on  April  11,  1878,  we  found  303  p«" 
million.  Since,  however,  the  improved  drainage  amuigr'meaC' 
have  been  in  action,  the  highest  amount  of  chloriDn  fonnd  in  lt>* 
drainage  for  this  pint  has  been  147  per  million,  which  <i 
on  October  23,   18)jl,  in  a   first  running  alter  a  < 
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inage  for  six  months.  That  a  small  amount  of  diffasion  of 
ible  salts  does  take  place,  whereby  the  unmanured  plots  are 
lewhat  enriched  (diffusion  is  always  from  the  stronger  to  the 
tker  solution)  is  probably  true,  but  it  is  apparently  limited 
imes  of  rest.  So  long  as  water  is  passing  from  above  down- 
rds,  the  manured  or  unmanured  condition  of  the  surface  soil 
iharply  represented  in  the  drainage-waters ;  but  when  active 
inage  ceases,  a  very  slow  general  diffusion  will  take  place 
the  soil  continues  sufficiently  wet,  the  result  being  that  the 
best  plots  lose  and  the  poorer  plots  gain  somewhat  in  soluble 
U. 

The  farmyard-manure  pdot  shows  but  a  small  quantity  of 
lorin^  in  its  scanty  runnings,  the  amount,  6*1  per  million, 
ceeding  by  very  little  the  quantity  in  the  drainage  from  the 
manured  land. 

Turning  next  to  the  average  amount  of  chlorine  from  plots 
eiving  chloride  of  ammonium,  we  may  note  that  the  dif- 
Mices  between  Plots  6,  7,  and  8  are  such  as  we  should  expect 
exist  in  the  case  of  plots  receiving  respectively  100  lbs., 
^  lbs.,  and  300  lbs.  of  a  chloride  in  the  manure.  If  we 
net  the  chlorine  found  for  Plot  5  from  that  yielded  by 
^  6,  we  obtain  8*8  as  the  increase  of  the  chlorine  due  to 
^  lbs.  of  chloride  of  ammonium.  Adding  this  figure  to  the 
:^rine  found  for  Plot  6,  we  obtain  22*8  as  the  amount  of 
:^rine  proper  for  Plot  7  •;  the  figure  actually  found  being  23*1. 
ding  again  8*8  to  22*8,  we  obtain  31*6  as  the  amount  of 
:>rine  proper  for  Plot  8,  the  figure  actually  found  being  30*8. 
e  chlorine  in  the'  drainage-waters  thus  corresponds  fairly 
li  the  chlorine  applied  in  the  manures,  and  we  may  conse- 
Mitly  assume  that  Plots  5  to  8  are  really  comparable  in  their 
ouDts  of  drainage,  though  varying  a  good  deal  in  the  amount 
k^isible  discharge  at  the  pipes. 

fc^hen  we  turn  to  the  other  plots  receiving  chlorides  the 
ults  are  not  so  agreeable.  Plot  10,  indeed,  receiving  the 
ne  amount  of  chlorides  as  Plot  7,  gives  also  a  very  similar 
^portion  in  its  drai nage- water ;  but  Plots  11,  12,  13,  14,  15, 
117,  though  receiving  the  same  quantity  of  chlorides  in  their 
^nore,  yield,  all  of  them,  a  considerably  larger  proportion  in 
•  drainage-water,  the  quantity  of  chlorine  rising  on  Plot  13  to 
'9,  and  on  Plot  15  to  32*5  per  million.  Plot  13,  which 
'^ives  the  same  amount  of  chlorides,  and  at  the  same  time  as 
*t  7,  thus  yields  one-fourth  more  chlorine  in  its  drainage- 
^.  To  what  is  this  to  be  attributed  ?  On  turning  to  the 
^J'ine  determinations  of  Voelcker  and  Frankland  (Table 
'V.)  we  find  the  same  increased  proportion  of  chlorine  in  the 
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Waters  from  Plots  10-14,*  and  the  increase  is  in  much  ilu- am' 
proportion,  an  addition  of  one-fourth  to  the  chlorine  of  Plotli 
giving  a  figure  between  those  actually  found  for  Plots  1^  vaA 
14.     In  the  same  Table  we  find  tbal  the  lime  and  magnHta,  uniL 
the  total  solid  matter  in  the  drainage- water  participate  iu  ib^ 
increase.     It  is  evident,  therefore,  that  the  drain  age- waters  »t  thi* 
side  of  the  held  are  for  some  reason  rather  morn  conceDimtrc* 
than    those    collected  at    the    other    side.      A  reference  lo  th^ 
plan  of  Broadbalk  field    {page    81)   will  show  that  the  ilraiw— 
pipes  collect  a  portion  of  their  water  from  an  unmauured  mar^O 
at  the  top  and  bottom  of  the  field,  and  that  the  length  of  thi.^. 
margin  is  much  greater  at  the  right  side  than  at  ibc  left  ude  i»C. 
the  field,  we  should  expect  therefore  that  the  pipes  ljinglo»-»r<l*j 
the  left  would  deliver  a  rather  stronger  water  than  those  Ivin^B 
towards  the  right.     This,  however,  is  not  a  suHicient  cAUse  lor  t)>4i 
difference  observed,  and  we  must  assume,  what  is  very  likr!^'« 
that  a  different  proportion  of  surface  water  gains  access  ti>  ll>«i 
pipes  in  different  parts  of  the  field.     We   have  dwelt  on  tlii' 
point  somewhat  fully,  as  it  is  important  we  should  not  attrihut.^ 
to  the  character  of  the  manure  an  effect  that  mav  be  tnerelv  diatf  < 
to  the  condition  of  the  drain-pipes. 

On  Plot  10  the  chlorides  are  applied  In  October  instead  c»f 
in  spring,  as  on  the  other  plots;  this  fact  probably  accounti  f(>F 
the  increase  of  chlorine  over  that  given  by  the  adjoining  Pli>tA 
13  and  14.     The  quantity  of  chlorine  applied  to  all  these  pli»t« 
has  been  the  same,  hut  it  has  been  subjected  to  different  seasotit  *rC 
drainage.     The  water  from  Plot  15  was  indeed  much  poorer  ta 
chlorides  at  the  end  ol  the  three  years  than  at  the  commence- 
ment;  while  with  Plots  13  and  14,  and  others  receiving  ammo- 
nium-salts in  the  spring,  the  contrary  was  the  case.     The  tin* 
series  of  plots  do  not  therefore  admit  of  an  exact  compari«<ii- 
and  it  will  require  a  longer  period  of  experiment  to  dwiJc 
whether  a  larger  amount  of  chlorine  is  generallv  conlAined  In  ttii 
(train age- water  of  the  autumn-sown  Plot  15  than  la  that  of  lb' 
spring-sown  Plots  13  and  14  ;  hut  from  the  results  of  Viwlckir 
and  Frankland  we  should  expect  that  this  will  prove  lo  be  tto 


We  turn  now  to  a  part  of  the  subject  of  far  grentvi  pnulici' 
importance,  namely,  the  evidence  which  the  dniini>gt>-wai^ri  «< 
Broadbalk  afford,  both  as  to  the  production  of  niiratn  i^ 
the  soil,  and  their  removal  from  it  by  drainage.  Wn  nW* 
bear   in  mind  throughout  this   part  of  the  discussioa  tint '''^ 

*  Plul  15  hud  nt  Ibis  tiinc  •  dUAmmt  nutnaro  rappljiog  1ms  Bbtaib*^ 
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nitrates  of  the  soil  furnish  the  chief,  if  not  the  only,  supply  of 
nitrogen  available  to  a  wheat-crop. 

The  production  of  nitrates  in  an  un manured  soil  kept  free 
rom  vegetation  has  been  discussed  in  Part  IL  of  the  present 
taper.  It  then  appeared  that  the  drainage-water  collected 
uring  the  last  four  years  from  the  soil  drain-gauges  contained 

1  aLn  average  10*7  parts  of  nitrogen,  as  nitric  acid,  per  million 
"^wrater.     The  soil  of  these  drain-gauges  was  ordinary  arable 

il>    undisturbed  in  its  condition,  and  had  been  maintained  for 
a   3^ears  without  manure  or  crop,  and  kept  free  from  weeds, 
^^^hen  we  turn  to  the  nitrogen  as  nitrates  found  in  the  drainage- 
^t^Ts  from  the  unmanured  plots  in  Broadbalk   field   (Table 
L-'VII.,  p.  110),  we  find  that  the  quantity  is  far  smaller  than  in 

2  '^water  from  the  drain-gauges.     The  average  figures  for  three 
^K"s  given  at  the  foot  of  the  table,  show  that  the  mean  amount 

K^itrogen  is  3*9  per  millioii  in  the  case  of  Plot  3  &  4,  per- 
^*iently  unmanured,  4*3  per  million  in  the  case  of  two  plots 
^^i  ving  only  ash  constituents,  and  4*5  in  the  case  of  the  unma- 
**^d  Plot  16.  This  much  lower  proportion  of  nitrates  in  the 
^^^  Hage-water  is  doubtless  partly  owing  to  the  great  exhaustion 

^fce  nitrogen  of  the  soil  by  continuous  wheat-cropping  with- 
^  inanure,  but  is  chiefly  due  to  the  fact  that  the  crop  actively 
F^^opriates  the  nitrates  formed  in  the.  soil.  So  complete  is  the 
opriation  of  nitrates  by  the  wheat-crop,  that  during  the 
of  active  growth,  and  for  some  time  after,  no  nitric  acid, 
^»  trace  only,  can  be  found  in  the  drain  age- water  from  several 

'tte  plots  in  Broadbalk.     This  is  well  shown  by  the  analyses 

^^rankland  of  drainage- waters  collected  on  May  18,  1872 
^ble  XLI.).  In  a  later  collection  on  June  11  of  the  same 
^^  Frankland  found  no  nitric  acid  whatever  in  the  waters  from 
^ts  3  &  4,  5,  6,  7,  13.  Similar  results  were  found  in  the  ana- 
^^s  made  at  Rothamsted  of  the  waters  collected  during  the 
timers  of  1878  and  1879. 

In  autumn  nitric  acid  again  begins  to  appear  in  the  drainage- 
^^ers  of  the  plots  unmanured  with  nitrogen,  and  continues 
-^^ily  to  increase  if  no  serious  loss  by  drainage  takes  place, 
''^n,  however,  with  an  excessive  amount  of  drainage  a  certain 
5^portion  of  nitric  acid  is  fairly  maintained  throughout  the 
^-'^iter  months,  the  production  of  nitrates  generally  keeping 
*^^  with  their  removal.  The  best  illustration  of  the  increase 
i^itrates  during  autumn  on  land  unmanured  with  nitrogen,  is 
horded  by  the  analyses  of  the  drainage-waters  from  Plots  3  &  4, 
»  16  and  17,  in  August  and  October  1881.  The  maintenance 
''  the  nitrates  during  extremely  wet  winters  is  shown  by  the 
i^aljges  of  waters  during  the  winters  of  1878-9  and  1880-1. 

1  2 
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The  considerable  accumulation  of  nitrates  ibat  may  wcui  in 
a  dry  winter  is  illustrated  by  the  composition  of  the  nianin^ 
in  Febmarj'  ISSO.  All  the  analyses  referred  to  will  be  tuid 
in  Table  XLVII.  The  general  character  of  the  waltrt  « 
dillerent  seasons  of  the  }'ear  is  also  illustrated  by  Talk  XLVlll, 

The  results  yielded  by  the  drainage- waters  from  plola  rcctn- 
ing  ammonium-salts  are  full  of  interest.  Soil,  as  is  well  kn<)fi>> 
hat  a  wonderful  retentive  power  for  ammonia,  and  this  ii  ov 
reason  why  ammonia  is  so  seldom  present  in  drainage-wsteri 
In  Voelcker's  and  Frankland's  analyses  of  Broadbalk  wWm 
mere  traces  of  amuiooia  were  found,  the  amount  bcin^  ^ncnll,' 
below  that  in  ordinary  rain-water.  Our  own  examinatiooi  <s 
Broadbalk  waters  lead  to  the  same  conclusion.  We  have,  Iw"* 
ever,  one  instance  in  which  ammonia  was  found  in  the  draiiw;* 
water  in  considerable  quantity.  The  usual  dressing  of  4<l0lk 
of  ammonium-salts  per  acre  bad  been  n|)plicd  to  I'lot  15  no 
October  25,  IBtiO,  and  the  manure  ploughed  in.  Heatv  twi 
occurred  during  the  night  of  the  2()th,  so  that  on  the  morntue 
of  the  :J7th  all  the  drain-pipes,  save  those  of  PIuU  i  am)  U 
were  found  running.  The  water  collected  from  Plot  Va  U 
030  A.M.  contained  nitrogen,  as  ammonia,  equal  to  il'O  f 
million ;  a  later  collection  at  1  r.M,,  contained  65  per  niilLion- 
Rain  still  continuing,  collections  of  water  were  also  madv  on  lin 
two  following  days.  On  the  2eth  the  water  collected  at  d.dOi.^ 
contained  '2-b  per  million  of  nitrogen  as  ammonia.  On  tlu 
29th,  at  10-30  a.m.,  the  quantity  was  1-0  per  million.  Ammoaii 
is  absorbed  by  soil  from  a  solution  of  salts  of  ammonium,  Wj 
when  the  soil  contains  a  suHicient  quantity  of  some  base  rapsblt 
of  uniting  with  the  acids  of  these  salts.  The  Rothatustnl  wil 
contains  but  little  chalk  j  it  was  clearly  unable  to  decompose  li* 
ammonium-salt  suthciently  quickly  to  prevent  loss  of  ainiDonUk 

h  is  evident  that  the  first  result  of  the  appUculioD  ol'  »»■ 
monium  salts  to  the  Kothamsted  soil  is  the  chemical  absorpli"" 
of  the  ammonia;  the  acids  of  the  ammonium-salta  at  the  ssDW 
time  unite  with  the  lime  in  the  soil,  and  may  be  reinoveJ '" 
the  drainage- water.  Thus  the  water  mentioned  above  as  ois- 
taining  90  parts  of  nitrogen  as  ammonia,  contained  14lt"l  p>i^ 
of  chlorine  derived  from  the  ammonium-salts.  If  (he  soil  " 
sufhciently  moist  to  allow  of  the  reaction  just  described,  nitiifii^ 
tion  of  the  absorbed  ammonia  will  rapidly  take  place.  In  li^ 
instance  before  us  nitrification  had  made  distinct  pro^»  ■* 
40  hours.  On  October  10  the  drainage- water  from  I  lot  15  «"' 
tained  B-4  of  nitrogen  per  million  in  the  form  of  nitrsCei.  0" 
the  morning  ol  October  27,  about  40  hours  after  the  appliwli"* 
of  the  ammonium-saltg^^^nigMje^^ug^^^^nW^^ 
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en  to  13 '5  per  million.  By  November  15,  21  days  after 
wing  the  manure,  the  nitrogen  as  nitrates  in  the  drainage- water 
A  reached  67 '8  per  million. 

The  speed  with  which  nitrification  takes  place  is  largely 
'Pendent  on  the  amount  of  rain  which  falls  after  the  ammonium- 
Its  have  been  applied  to  the  soil ;  water  is  required  in  the 
St  place  for  the  solution  and  distribution  of  the  ammonium- 
t,  and  afterwards  for  the  process  of  nitrification. 
The  product  of  nitrification  appears  to  consist  entirely  of 
rates  ;  traces  only  of  nitrites  have  been  found  in  the  drain- 
■^waters  from  Broadbalk,  and  these  are  very  possibly  the 
tit  of  a  reduction  of  nitrates  previously  formed. 
t  follows,  from  the  quick  nitrification  of  the  ammonium- 
s' that  the  drainage- waters  from  plots  receiving  ammonia  are 
^^st  in  nitrates  shortly  after  the  ammonium-salts  have  been 
lied.  When  the  ammonium-salts  are  applied  in  March,  as 
^  are  now  on  all  plots,  excepting  Plot  15,  the  April  waters  are 
t^  strongest  in  nitrates.  The  mean  of  27  analyses  of  waters 
ected  in  April  from  plots  receiving  400  lbs.  of  ammonium- 
^  in  March  gives  29*6  of  nitrogen  as  nitrates  per  million  of 
^r.  The  maximum  observed  has  been  45*4.  The  average 
of  nitrogen  as  nitrates  in  the  April  waters  thus  corresponds 
►  '7  lbs.  per  acre,  or  to  42*8  lbs.  of  nitrate  of  sodium,  for  each 
:^  of  drainage.* 

Vhen  the  wheat-crop  commences  its  active  growth  the  amount 
citric  acid  in  the  drainage- water  greatly  diminishes,  and  in 
case  of  some  of  the  plots  receiving  ammonia  the  nitrates 
appear  altogether  in  summer  time.  The  plot  in  which 
^tes  first  disappear  from  the  drainage- water  is  naturally 
%  6,  as  here  only  200  lbs.  of  ammonium-salts  are  applied. 
The  various  plots  receiving  400  lbs.  of  ammonium-salts  per  acre 
Wr  very  much  as  to  the  extent  of  the  reduction  in  the  nitrates 
c^ed  by  the  growing  crop,  the  amount  of  reduction  depend- 
entirely  on  the  power  of  the  crop  to  assimilate  nitrogen. 
IM  on  Plots  7  and  13,  which  receive  both  superphosphate  and 
^usium-salts,  and  thus  furnish  the  crop  in  abundance  with  its 
«t  essential  ash  constituents,  the  power  of  the  wheat  to  assimi- 
^  nitrogen  is  at  its  highest,  and  the  nitrates  may  disappear 
^gether  from  the  drainage- waters  in  the  course  of  the  summer. 
<H>mplete  opposition  to  this  stands  Plot  10,  to  which  am- 
oium-salts  are  applied  without  any  of  the  ash  constituents  of 
wheat-crop,  and  where,  by  long-continued  treatment  of  this 
ciiption,  the  available  ash  constituents  of  the  soil  have  become 
*Uy  exhausted.     On  this  plot  the  nitrogen  applied  is  much 


One  lb.  of  nitrogen  will  be  containeil  in  6* -4  Ibe.  o?  good  wVVroXft  o\  %oXvvwsi. 
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The  Rape-cake  (Plot  19)  and  farmyard-manure  (Pint  2)  w 
both  applied  to  the  land  in  the  autumn  ;  in  each  caie  (ae 
drain  age- nraters  are  richest  in  nitrates  in  the  winter.  Nttrifio- 
tion,  however,  proceeds  far  more  slowly  with  these  orgsiuc 
manures  than  in  the  case  of  ammonium -salts,  the  amount  n( 
nitrates  lost  by  drainage  even  in  a  net  winter  is  thus  mudi 
less  considerable.  The  rape-cake  yields  more  nitric  acid  tu  the 
drainage- water  than  the  farmyard -manure,  and,  when  oppiw- 
tunity  is  given  for  accumulation,  the  amount  of  nitric  ncitl  ntsj 
become  very  considerable,  as  in  the  case  of  the  draitiage-wattfi 
of  February  16  and  17,  1880,  when  the  nitrogen  as  nitric  acifl 
amounted  to  33-0  per  millioo  for  Plot  19.  This  considmhle 
production  of  nitric  acid  from  rape-cake  is  a  proof,  if  one  wot 
needed,  that  the  nitric  acid  in  soil  is  not  produced,  ns  i*  hiou- 
times  asserted,  solely  from  animal  matter  or  ammi>nuini<snlti. 

Table  XLVllI. — Niteooks  ae  NiTHATKa  in  Drain aok-W Arms  from 
Bboasbale  Fieu)  at  dtfibrout  Seasons  of  the  Yeiu*,  Avtiuai  uf 
Three  Yeabs  (NuTember  1878-Octoh<;r  1881). 
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In  Table  XLVIIl.  is  given  a  summary  view  of  the  oitiuKen 
as  nitric  acid  present  in  the  drain  age- waters  of  the*  various  pi"** 
at  different  seasons  of  the  year,  based  an  the  analyses  instlf  *' 
Rothamsted  during  the  last  three  years.  The  figure*  aw  «i 
great  interest;  they  should  nol,  however,  be  taken  as  more  thW 
indications    of    the    general    truth.      This    is    especially  W^H 
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nembered  in  dealing  with  the  figures  given  for  the  autumn 
riod.  The  analyses  made  of  autumn  waters  refer  mostly  to 
ters  following  dry  summers,  not  that  summer  which  fur- 
ihed  the  analyses  of  summer  waters.  Although,  therefore,  it 
quite  true  that  the  amount  of  nitrates  rises  in  autumn  in  all 
le*  where  they  have  been  much  reduced  in  summer,  the 
rrease  will  not  be  so  great  in  the  c&se  of  many  of  the  plots  as 
»u]d  appear  from  the  figures  given  for  summer  and  autumn  in 
^  Table.  In  a  side  column  of  the  Table  is  given  the  quantity 
nitrogen  in  lbs.  per  acre  removed  on  an  average  per  inch  of 
linage-water.  In  the  three  years  in  question  the  average 
linage  shown  by  the  60-inch  drain-gauge  amounted  to  17*72 
;hes  per  annum. 

Xhe  richness  of  the  spring  waters  (in  wet  seasons),  where 
imonium-salts  or  nitrate  were  applied ;  the  characteristic 
Serences  of  the  summer  waters,  depending  on  the  action 
the  crop  under  different  conditions  as  to  the  supplies  of 
trogen  and  ash  constituents ;  the  increase  of  nitric  acid  in 
tumn  on  plots  where  nitrates  had  beep  reduced  in  summer ; 
3  generally  similar  character  of  the  winter  waters,  the  result  of 
haustion  by  crop  and  drainage  ;  and  lastly,  the  considerable 
ises  attending  the  autumn  sowing  of  nitrogenous  manures 
len  followed  by  a  wet  winter,  are  the  principal  facts  which 
1]  be  found  illustrated  in  the  above  Table. 
We  have  already  seen  (pp.  102,  113)  that  the  composition  of 
e  waters  from  Plots  5-10  is  not  strictly  comparable  with  that 
the  waters  from  Plots  11—15,  the  latter  waters  being,  for  some 
use  imperfectly  understood,  somewhat  more  concentrated  than 
e  former.  We  may  avoid  this  source  of  error  if,  instead  of 
oking  at  the  quantity  of  nitric  acid  in  the  different  waters,  we 
gard  simply  its  relation  to  the  chlorine ;  this  is  shown  in 
ible  XLIX. 

iBLs  XLIX. — Proportion  of  Nitrogen  as  Nitrio  Acid  to  100  of 
Chlorine  in  Drainage- Waters  from  Broadbalk  Field  at  different 
Seasons  of  the  Year :  average  of  Three  Years. 
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All  the  plots  mentioned  in  this  Table  receive  the  same  ^nm- 
tity  both  of  nitrogen  and  chlorine,  but  with  different  suppUei  iit 
ash  constituents.  Where  the  principal  ash  constiturots  requind 
by  the  crop  are  supplied  (Plots  7,  17  or  18,  13)  there  a  Iwp- 
assimilation  of  nitrogen  takes  place  during  the  summer  montlit. 
and  the  proportion  of  nitrogen  to  chlorine  in  the  drain  age- watii 
becomes  very  low.  Where  potash  has  never  been  appHwl 
(Plot  11),  or  not  for  many  years  (Plots  12,  14),  a  larger  p^opl>^ 
tion  of  nitric  acid  escapes  assimilation.  Where  neither  ph«»' 
phoric  acid  nor  potash  is  applied  (Plot  10),  the  proportion  nf 
nitric  acid  left  untouched  by  the  crop  and  removed  in  \\k 
drain  age- water  ia  much  increased.  In  winter  time  the  pru- 
portion  of  nitrogen  to  chlorine  in  the  drain  age- water  it  in  ill 
cases  high,  the  chlorides  of  the  tnanure  having  by  this  tlmr 
been  washed  out  of  the  soil  to  a  considerable  extent,  while  t 
new  formation  of  nitric  acid  is  continually  in  progress. 

We  must  not  leave  the  subject  of  the  amount  of  nitttigea  ii 
nitrates  present  in  the  drainage- waters  without  referring  to  th» 
quantities  shown  by  V'uelcker's  and  Frankland'a  early  aoaltKi 
(Table  XLV.),  The  amount  of  nitrogen  per  million  showji 
for  the  unmanured  Plot  3&4  is  identical  with  the  ayeog» 
found  for  this  plot  in  the  later  Rothamsted  determination! 
(Table  XLVIl.)  ;  the  amount  found  for  Plot  5,  receiving  n» 
nitrogenous  manure,  is  also  very  similar  to  the  later  rcsulct; 
all  tbe  remaining  determinations  are,  howeyer,  much  higher 
than  those  obtained  during  the  last  three  years.  This  differcacr 
is  partly  due  to  the  extreme  wetness  i>f  recent  seasons,  resultio^ 
in  weak  drainage-waters;  but  in  tbe  case  of  plots  receiTinp 
ammonium-salts  it  is  chiefly  determined  by  the  fact  that,  diuinK 
the  years  to  which  the  earlier  analyses  refer,  the  ammonium- 
salts  were  in  every  case  applied  to  the  land  in  autumn.  Ttw 
results  obtained  by  V'oelckcr  and  Frankland  for  Plots  7,  10,  II, 
12,  13,  14,  15,  are  thus,  so  far  as  time  of  sowing  is  concenml, 
comparable  with  those  now  yielded  by  Plot  15. 

Tbe  greater  loss  of  nitric  acid  in  spring  and  summer  drwo- 
age,  where  the  ash  constituents  required  by  the  crop  **'* 
deficient,  is  equally  shown  by  the  earlier  analyses  (Tables  AL'I 
and  XLVll.),  as  by  our  own  later  determinations. 

Paut  IV'.' — Thh  Qdahtity  of  Nitboqes  lost  dt 

Dkainaoe. 

We    have    now    discussed    in    considerable    detail    ihit  w^.' 

numerous  results  obtained   relating  to  tbe  composition  al^  "'' 

drain  age- waters  collected  from  the  differently  manured  plut»  ^ 

*  In  the 'Journal'  ftiaVHttag^'miuBQclkiii  !>  ofrABrtf^^H 
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the  experimental  wheat-field.  We  have  shown  the  influence  of 
the  amount  and  stage  of  the  running,  the  description  of  the 
manure,  and  the  time  at  which  it  is  sown,  the  period  of  the 
year,  and  the  character  of  the  seasons,  on  the  composition  of 
the  waters. 

Confining  attention  to  the  loss  of  nitrogen  by  drainage 
which  has  been  indicated,  it  has  been  seen  that  its  amount  has 
been  very  directly  connected  with  the  amount  supplied  in  the 
manure.  The  practical  question  obviously  suggests  itself — 
whether,  in  the  case  of  the  experimental  wheat-field,  in  which 
kaown  quantities  of  nitrogenous  manure  have  been  applied,  and 
known  quantities  of  nitrogen  removed  in  the  crops,  for  many 
years  in  succession,  the  facts  at  command  are  sufficient  to  enable 
us  to  estimate  how  much  nitrogen  has  been  lost  by  the  drainage 
from  the  different  plots  ? — and  whether  the  whole  of  the  nitrogen 
of  the  manure  which  has  not  been  recovered  in  the  increase  of 
crop,  may  be  accounted  for  by  the  ascertained  loss  by  drainage  ? 

It  is  obvious  that,  to  be  able  to  give  an  exact  answer  to 
this  question,  it  is  essential  to  know,  not  only  the  total  amount 
of  drainage  which  has  passed  from  the  land,  and  the  amount  of 
nitrogen  it  has  carried  with  it,  but  also  how  much  nitrogen  has 
been  supplied  to  the  soil,  or  the  crop,  from  the  atmosphere  by 
rain  or  condensation,  and  how  much  has  been  yielded  to  the 
crop,  or  to  the  drainage,  by  the  soil  itself? — or  whether,  on  the 
other  hand,  some  of  the  unrecovered  ataiount  is  retained  by  the  soil 
or  subsoil,  possibly  to  be  slowly  recovered  in  succeeding  crops  ? 

Unfortunately,  we  have  no  means  of  gauging  the  total  amount 
of  drainage  passing  from  the  land  of  the  experimental  wheat- 
field.  We  can  only  form  some  judgment  of  it  from  the  quan- 
tities determined  in  the  case  of  the  20-inch,  40-inch,  and  60-inch 
soil-drain-gauges,  the  results  obtained  by  which  during  between 
ten  and  eleven  successive  seasons  have  been  fully  described  in 
Part  II.  of  this  Paper.  It  is  assumed  that  the  results  of  the 
60-inch  drain-gauge  will  probably  afford  the  best  basis  for  esti- 
mating the  amount  of  drainage  in  the  experimental  wheat-field. 
It  would  seem  probable  that  during  the  late  autumn,  the  winter, 
and  the  early  spring,  the  amount  of  drainage  would  not  differ 
widely  in  the  two  cases ;  but  that,  during  the  active  growth  of  the 
crop,  and  for  some  time  afterwards,  the  loss  would  be  less  in  the 
experimental  wheat-field  than  through  the  drain-gauge,  owing 
to  the  drying  of  the  soil  under  the  influence  of  the  growing  crop. 

Using  such  data  as  we  possess,  we  propose  to  give,  in  the 
first  place,  an  estimate  of  the  quantity  of  nitrogen  lost  by 
drainage  from  most  of  the  plots  of  the  experimental  wheat-field, 
during  two  recent  years,  for  which  we  have  analyses  of  every 
running  from  the  drain-pipes.     We  shall  afterwards  ^U;&\sw\k\.  Vsk 


total  loss  is  given  ;  alao  the  excess 
nitrogen  in  manure,  over  that  f 
manure  without  nitrogen.  The 
period  is  assumed  to  be  the  same 
soil-drain-gau^  during  the  sam« 
amounts  of  drainage  are  given  i 
The  quantity  of  nitrogen  as  nitrs 
water  for  each  plot  is  reckoned  ac 
analyses  of  the  waters  co)lec:ted 
from  spring  sowing  Ut  the  end  of 
from  harvest  to  autumn  sowing, 
spring  sowing.  For  some  perioi 
was  drainage  through  the  60-inch 
pipes  in  the  eiperimental  field, 
composition  of  the  drainage  sho 
been  made.  Were  it  not  that  i 
from  the  drain-pipes  when  there 
it  would  be  more  correct  to  reck 
the  amount  of  drainage  from  the 
other  reasons,  as  will  be  seen  {aii. 
'  taken  as  onlv  approximations  to 
sodium  on  Plot  9,  and  the  am 
Plot  15),  were  sown,  in  1879  or 
March  9.  On  Plot  15,  the  amm 
October  15,  1878  ;  October  22,  1* 
Before  referring  to  the  estimate 
drainatre  whii^h  th*.  T»i.i-  ™ '- 
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lUL-ieiuic,  uuniig  tae  penou  select 
operating  in  opposite  directions, 
by  drainage,  the  results  given  are  e 

Referring  to  the  record  of  the 
through  the  60-inch  drain-gauge  di 
the  bottom  of  the  Table,  it  will  be 
1879-80,  there  was  a  very  large  am 
sowing  to  harvest,  that  is  during  th 
of  the  crop,  and  a  comparatively  i 
of  its  removal  to  the  commencemen 
ceeding  spring.  Accordingly  we  h 
of  nitrogen  by  drainage  during  the  t 
the  crop  than  during  the  six  or  sev( 

In  the  second  season,  1880-188 
wa«  a  very  small  amount  of  tlrain 
ripening  of  the  crop,  and  a  very  exc 
of  its  removal  to  the  commencemen: 
spring.  Under  these  very  different 
nitrogen  lost  by  drainage  within  the 
season  are  very  different  from  those 
scarcely  any  loss  from  spring  sowin 
loss  from  harvest  to  the  next  spring 

It  should  be  stated,  however,  th 
1879-80  the  drains  only  ran  in  Febru 
in  nitrates,  the  result  of  accumulation, 
calculated  on  the  composition  of  tboi 
above  the  truth.      The  losses  duri 
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iret  seasons,  is  strikingly  shown  in  the  results  for  Plot  3&4  con- 
tinuously unmanured,  Plot  5  receiving  annually  for  nearly  thirty 
years  mixed  mineral  manure  alone,  but  mineral  and  nitrogenous 
manure  previously,  and  Plot  16  unmanured  for  sixteen  or  seven- 
teen years,  after  excess  of  ammonium-salts  with  mixed  mineral 
manure,  previously.     During  the  first  twelve  months  the  loss  by 
drainage  from  these  three  plots  was  12^,  nearly  15,  and  14^  lbs. 
of  nitrogen  per  acre  ;  and  during  the  second  twelve  months  it 
was  17|,  18^,  and  18^  lbs.  per  acre.     Further,  notwithstanding 
the   comparative  dryness  of  the  autumn  and  winter  period  in 
the  first   season,  and  the  very  excessive  drainage   during  the 
same  period  of  the  second  season,  nearly  the  whole  of  the  loss 
is,  in  both  cases,  after  the  removal  of  the  crop ;  that  is,  during 
the  long  period  of  the  year  in  which  land  under  cereal  culture 
is  practically  bare  of  vegetation.      It  may  be  here  remarked, 
that  the  close  approximation  of  the  quantities  estimated  to  be 
lost  on  Plots  5  and  16,  with    very  similar  manurial    history, 
though  the  one  is  at  one  side  and  the  other  at  the  other  side 
of  the  field,  affords  some  evidence  of  the  comparative  character 
of  the  results  in  the  different  parts  of  the  field. 

The  loss  of  nitrogen  estimated  to  be  derived  from  that  of  the 
nitrogenous  manures  applied,  is  best  studied  by  reference  to  the 
columns  in  the  Table  which  show  the  excess  in  the  drainage 
from  the  plots  receiving  nitrogenous  manure  over  the  amount 
from  Plot  5  with  mineral  without  nitrogenous  manure. 

Comparing  Plots  5,  6,  7  and  8,  each  receiving  the  same  mixed 
mineral  manure,  but  Plot  5  with  no  ammonium-salts.  Plot  6 
with  200  lbs..  Plot  7  with  400  lbs.,  and  Plot  8  with  600  lbs.  of 
ammonium-salts  per  acre  per  annum,  there  were,  during  the  very 
wet  period  from  spring  sowing  to  harvest  in  1879,  losses  of  8*56, 
16'75,  and  23*39  lbs.  of  nitrogen  more  from  the  three  ammonium 
plots  than  from  Plot  5  ;  that  is,  quantities  increasing  closely  in 
proportion  to  the  increased  supply  by  manure.  Then  again, 
taking  the  series  of  plots  with  the  same  amount  of  ammonium- 
salts,  but  with  different  mineral  manures  for  many  years  in 
succession,  and  yielding,  accordingly,  very  different  amounts  of 
crop,  there  are  very  variable  amounts  of  loss  of  nitrogen,  ranging 
from  41*31  lbs.  per  acre  with  ammonium-salts  alone  (Plot  10), 
to  only  16*75  lbs.  with  the  same  amount  of  ammonium-salts  and 
the  most  complete  mineral  manure  (Plot  7).  The  loss  on  the 
other  plots  of  the  series  gradually  increases  with  the  defect  of 
the  mineral  manure  and  the  coincident  defect  of  growth.  Thus, 
with  superphosphate  of  lime  and  potassium-salts  (Plot  13)  it  is 
17*45  lbs.,  or  but  little  more  than  with  the  mixed  mineral 
manure ;  with  superphosphate  and  soda,  with  a  residue  of  potash 
from  previous  applications   (Plot   12),  it  is  19*67   lbs.  \    \\vl\\. 
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superphosphate  and  magnesia,  and  some  residue  of  poUih 
(Plot  14),  it  is  24-43  lbs. ;  with  superphosphate  of  lime  »lMf 
(Plot  11),  26-73  lbs. ;  and  lastly,  with  ammonium-salis  slow 
(Plot  10),  41'31  lbs.  To  such  a  great  extent  was  the  uiiDwil 
nitrogen  of  the  mnnure  wasbpd  out  during  the  growth  of  ll« 
miserable  crop  on  Plot  10,  with  the  atnmoniuin-aalts  al>inp,  thu 
there  was  only  1-03  lb.  of  that  supplied  accounted  for  in  tlir 
drainage  of  the  whole  succeeding  period  from  hitrvett  to  tlifOdt 
spring  sowing.  With  this  esceplion,  the  loss  during  the  <^tvA 
subsequent  to  the  removal  of  the  crops,  though  very  oiDcb  !nt 
in  actual  amount,  varies  on  the  different  plots  much  in  ibe 
same  order  as  previously. 

In  the  dry  period  of  growth  of  1680,  on  the  other  hand,llM 
estimated  losses  from  the  manure  were  eompnrntively  smtll 
They  were  as  before,  the  greater,  the  greater  the  supply  aivt- 
intmium-salts:  and  greater  with  an  equal  supply  of  thcui  a«i) 
alone  than  when  in  conjunction  with  mineral  manure.  Will 
the  excessive  rain  and  drainage  during  the  period  of  more  tbu 
sis  months  subsequent  to  harvest,  the  losses  wero  much  fimur 
than  during  the  period  of  growth  ;  and  on  the  plots  wicb  tbr 
sime  amount  of  ammonium-salts,  hut  different  mineral  msDUTM. 
the  losses  varied  exactly  in  the  same  order  as  during  the  vrc 
period  of  growth  of  1879.  Thus,  they  were  on  Plot  7.  witl.  lb* 
ammonium-salts  and  the  complete  mineral  manure,  3-fi51bj.; 
on  the  intermediate  plots,  7liO,  8-21,  944, 11-84  ;  and  <m  Rot  10. 
with  the  ammonium-salts  alone,  17-51  lbs. 

Finally,  the  average  amounts  of  loss  per  aero  per  annua 
(over  the  two  years)  estimated  to  be  due  to  the  nitrogen  of  tlit 
manure,  as  shown  in  the  last  column  of  the  Tablr^  are  witliilx 
same  mineral  manure  and  increasing  amounts  of  nmmiiRium- 
salts,  5-t)9,  11-63,  and  25-82  lbs.  accounted  for  in  the  drains^- 
And,  with  the  same  amount  of  ammoninm-salts  anil  diffetml 
mineral  manures,  the  average  losses  are — from  Plot  7,  with  tli* 
complete  mineral  manure,  11*63  lbs. ;  from  the  inleTmedistr 
plots,  15-35,  17St3,  19-83,  22-81;  and  with  the  anunouiiim- 
salts  alone,  33-24  lbs. 

Large  as  are  these  losses  with  the  ammonium-snItB  tpris^ 
sown,  the  loss  is  very  much  greater  where,  as  on  Plot  15,  itiPJ 
were  sown  in  the  autumn,  though  with  the  same  txaa^Aw 
mineral  manure  as  on  Plot  7.  The  loss  from  the  autumn-wn 
plot  had  been  very  great  during  the  winter  of  1878-y,  anil  i' 
was  accordingly  very  much  less  than  from  tlic  spring-swwn  plfft» 
during  the  period  of  growth  and  ripening  of  1879.  Receiving 
the  nmmonium-salts  again  in  October  1879,  the  lo»s  estim""* 
to  Ijc  due  to  the  manure  was  4t)'(i  Ibi.  fn»tn  th«  dat*  of  li* 
preceding  harvest  to  \he  time  of  ^^iring  sowinjc  in  1880.    TW 
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n  ten  times  as  much  as  during  the  same  period  from 
plots  which  had  not  received  ammonium-salts  since 
ng  spring ;  but  it  has  been  explained  (p.  126)  that 
nates  of  loss  for  this  period  are  probably  too  high, 
great  loss  during  the  winter,  there  was  very  little 
from  Plot  15  during  the  succeeding  period  of  growth, 
receiving  the  ammonium-salts  in  October  1880,  there 
be  date  of  the  preceding  harvest  to  the  commencement 
growth  in  the  following  spring,  a  loss  of  57*2  lbs. 
:o  be  due  to  the  manure,  or  nearly  sixteen  times  as 
3m  the  spring-sown  Plot  7  during  the  same  period. 

I  now  to  the  comparison  of  the  results  on  Plots  7 
ot  7  received  annually  a  given  amount  of  nitrogen  as 
i-salts,  and  Plot  9  approximately  the  same  amount  as 
sodium.  Plot  7  received  also  the  complete  mixed 
inure  ;  but  only  one  half,  or  one  land,  of  Plot  9  (9a) 
e  mineral  manure,  the  other  half  (9b)  receiving  the 
odium  alone.  On  both  plots  the  nitrogenous  manure 
i  in  the  spring. 

the  very  wet  period  from  spring  sowing  to  harvest 
i  was  an  estimated  loss  from  the  ammonium- salts  of 
)f  nitrogen  per  acre,  but  from  the  nitrate  of  sodium 
IS.  There  was  little  or  no  estimated  loss  from  the 
either  plot  from  harvest  to  the  next  spring  sowing, 
ig  sowing  to  harvest  (1880),  with  very  little  drainage, 
a  loss  of  3*55  lbs.  from  the  ammonium-salts,  and  of 
from  the  nitrate  ;  and  during  the  very  wet  period 
St  to  the  next  spring  sowing  (1881),  there  was  a  loss  of 
om  the  ammonium-salts,  and  of  23*26  lbs.  from  the 
lodium  ;  or,  over  the  whole  twelve  months,  of  7*2  lbs. 
mmonium-salts,  and  of  37*55  lbs.  from  the  nitrate, 
iras  thus  a  very  much  greater  loss  of  nitrogen  by 
hen  a  given  amount  was  supplied  as  nitrate  of  sodium 
as  ammonium-salts.  But  the  loss  from  the  nitrate 
ily  much  greater  than  it  would  have  been  in  cOnse- 
one  of  the  two  lands  receiving  no  mineral  manure, 
owth  on  it  being  accordingly  very  much  less.     Still, 

II  generally  be  greater  from  a  given  amount  of  nitrate 
a  corresponding  quantity  of  ammonium-salts,  when 

t  of  nitrogen  supplied  is  much  in  excess  of  that  which 
en  up  by  the  crop,  or  when  the  season  is  wet 
^I.  shows  for  the  two  seasons,  the  average  annual 
in  lbs.,  of  nitrogen  supplied  in  manure,  obtained  in 
estimated  in  the  drainage,  and  in  the  crop  and 
Dgether ;  also  the  amounts  unaccounted  for  in  either^ 
linage. 

1L 
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In  referenre  t>i  ihe  qunntttif-s  uriiilrngpn  supplini  Iivdimihrv 
It  is  assumed  that  the  400  lbs.  nmmiinium-salts  sujiplici)  t«8]U: 
nnd  they  may  have  Bupplied  nearer  90  lbs.  r'oniwrly  •» 
nsaumed  this  quantity  to  contain  nnly  82  lbs. ;  but  nf  lair  Kti9 
nmmonium-snlts  have  nccurrnl  iu  ci^minerce  in  a  state  ■>!'  jtretilT 
purity.  The  amount  of  nitmgcn  contribuutl  by  tniinuir  ob- 
viously by  nn  means  represents  the  tatid  (|unnlity  nnniMllT 
available.  Then'  will  be  about  2  lbs.  annually  suppjliil  in  il* 
set'd  ;  and  there  is  a  considerable  qunntitv,  ol'  wUirb  ve  ttudl 
onfloavour  to  I'ovm  some  estimate  lurther  nn,  annuallv  avftil<>l>'^ 
from  the  atmosphere  by  n>iu  and  conOenxntion,  nntl  fmin  tlie 
stores  in  the  soil  itself.  Our  present  purpose  it,  bonrver,  imlf 
to  caH  attention  lo  the  relation  of  the  amount  of  nilni|fm  iD  ib^ 
nop  nnd  drainage  to  tUot  in  tlin  manure. 

It  will  be  seen  thai  in  only  two  aisea  of  spring  sowini;  (^ 
the  nitrogenous  m:inures,  Plot  Ti  with  ihc  smallest  ouaDlitT  <> 
ammonium- salts,  and  Tlol  V  witli  nitruie  of  sodiuti),  dul'<^  .' 
total  amount  in  erop  and  drainage  toginher,  exes 
by  mnnurit  n^one. 

Hefcrring  to  ibc 
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and  8,  with  the  mixed  mineral  manure,  and  200  lbs.,  400  lbs., 
and  600  lbs.  of  ammonium-salts,  respectively,  yielded  in  the 
crops  27  lbs.,  40  lbs.,  and  49  lbs.,  and  in  the  drainage  22  lbs., 
28  lbs.,  and  43  lbs.,  of  nitrogen  per  acre  per  annum.  There 
is,  therefore,  notwithstanding  the  increased  amount  in  the  crop, 
the  greater  estimated  loss  by  drainage  the  greater  the  excess  in 
the  manure.  Still,  much  more  remains  unaccounted  for  in 
either  crop  or  drainage  the  greater  the  amount  supplied. 

Compared  with  these  results  from  spring  sowing,  we  have  in 
the  case  of  Plot  15,  with  autumn  sowing,  considerably  more 
nitrogen  in  the  crop  and  drainage  together  than  was  supplied  in 
the  manure.  In  fact,  with  88  lbs.  supplied  in  the  manure,  it  is 
estimated  that  there  were  74  lbs.  in  the  drainage  alone ;  whilst 
only  28  lbs.  were  so  accounted  for  on  Plot  7  with  the  same  amount 
of  ammonium-salts  not  applied  until  the  spring.  Taking  the 
amounts  in  crop  and  drainage  together,  there  was  with  autumn 
sowing  about  one-fifth  more,  but  with  spring  sowing  about 
one-fifth  less,  accounted  for  than  was  supplied  in  the  manure. 

There  was  then,  in  these  two  seasons,  much  less  of  the  nitrogen 
of  the  manure  accounted  for  in  crop  and  drainage  with  spring 
sowing  than  with  autumn  sowing;  and  the  unaccounted-for 
amount  was  the  greater,  the  greater  the  excess  in  the  manure. 
We  shall  have  to  refer  to  this  point  again  further  on. 

Such  are  the  results  of  two  years'  direct  experiment,  for  which 
we  have  the  analysis  of  the  drainage- waters  of  every  running 
from   the  pipes.      It  has  been  seen   that,  reckoning   only  the 
nitrogen   supplied  in  the  manure    against  the  amounts  in  the 
crop  and  drainage,  a  considerable  quantity  of  that  so  supplied 
remains  unaccounted  for.     We  shall  now  endeavour  to  make  an 
estimate  of  the  average  loss  by  drainage  on  the  different  plots, 
over  the  thirty  years — 1851-2  to  1880-1 — during  which  (with 
a  few  special  exceptions)  the  same  description  and  amount  of 
manure   has  been    applied    year  after  year  on  the  same  plot. 
Excepting  for  the  crop    of  the   second  year,  1853,  when   the 
previous  autumn  and  winter  were  extremely  wet,  the  ammonium- 
salts  were,  until  the  last  four  years  of  the  thirty,  applied  in  the 
autumn  ;  but  during  those  four  years  they  have  not  been  applied 
until  the  spring.     Plot  15  is  the  only  exception  to  this ;  for  the 
live  crops — 1873  to  1877  inclusive — it  received  the  ammonium- 
salts  in  the  spring ;   but  for  the  last  four  crops — 1878-1881 — 
^when  all  the  other  plots  received  them  in  the  spring,  Plot  15 
^received  them  in  the  autumn.     To  Plot  9,  the  nitrate  of  sodium 
lias  always  been  applied  in  the  spring. 

In  default   of  more  accurate    knowledge  of  the  amount  of 
drainage  from  the    land  of  the  experimental    wheat-6e]d,    the 

K  2 
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drainage  through  the  GO-incU  soU-fl rain-gauge  is  to  tli«  foUoi* 
ing,  as  in  the  preceding  estimates,  taken  as  the  basis  of  calnU- 
tion.  We  have,  however,  the  record  of  this  only  for  lb«  last  el«Tai 
years  of  the  thirty.  For  the  preceding  seventeen  (as  well  u 
for  the  last  eleven)  years  we  have  the  record  of  the  rainfsll  >t 
Rothamsted,  and  for  the  first  two  vears  we  atlopt  the  amnunli 
for  a  neighbouring  station  (iVash  MilU);  so  that  thus  n-R  ha» 
the  rainfall  for  the  first  nineteen  years.  Then,  each  year  beiog 
divided  into  the  characteristic  periods — from  autumn  sunia^ 
to  spring  sowing,  from  spring  sowing  to  the  end  of  May.  froai 
June  1  to  harvest,  and  from  harvest  to  auinmn  sowing  again— 
the  rainfall  for  each  such  period  for  each  of  the  first  nioeiWD 
years  is  taken  ;  and  the  drainage  of  each  period  is  assumeii  tD 
be  the  same  as  with  the  nearest  corresponding  rainfall  for  lile 
periods  during  the  eleven  years  for  which  the  record  of  both 
rainfall  and  drainage  is  available. 

As  to  the  corapoiiition  of  the  drainage,  the  amonnts  of  whirh 
arc  so  estimated,  we  have  for  the  twenty-five  years  during  vtiidi 
the  ammonium -salts  were  sown  in  the  autumn,  only  ibe  W 
determinations  by  Dr.  V'oelcker  and  Dr.  Franklnnd,  on  aamplct 
collected  in  only  a  few  of  the  twenty-five  years.  Up«>n  th«e 
we  have  to  rely  in  estimating  the  composition  of  the  dntoagt 
of  two  of  the  most  importjint  of  the  four  periods  of  tbeyrtr 
into  which  each  of  the  twenty-five  years  is  divided  ;  and  fot 
the  other  periods,  less  inBuenced  by  the  time  of  sowiog  tlis 
manure,  or  by  growth,  average  figures  are  adopted  from  tt» 
more  recent  determinations.  For  the  second  year  of  ihr  thirlT, 
when  the  ammonium-salts  were  spring-sown,  am)  for  thi;  fin* 
of  the  last  four  years  of  spring  sowing,  the  com^maition  of  As 
dniinnge  of  the  dilTerent  periods  of  the  season  is  calcuUtad 
according  to  the  average  results  for  the  cnrresponding  periodl 
of  the  last,  or  succeeding  three  years.  For  tnrae  three  ynn 
themselves,  an  almost  complete  series  of  actual  dctermiDStiiwt 
is  available.  ^ 

The  following  Tabic  (Lll.)  gives  the  so  cslimnled  h>sj«  oT* 
nitrogen  by  drainage,  in  lbs.  per  acre  per  annum,  for  cacbuf  iht 
different  series  of  years.  It  also  gives  the  average  for  the  "l»l«  ' 
thirty  years;  and  for  comparison  the  mc^nn  for  the  two  yeaffJ 
from  the  time  of  spring  sowing  iu  IHTtJ  it*  the  same  pcriixliiL' 
ltJ81.  In  the  last  two  columns  are  given,  for  tbc  thirty  yMn* 
and  for  the  two  years,  the  estimated  losses  fnim  rwJi  (J"^ 
receiving  nitrogenous  manure  over  Plot  3  with  mineral 
alone. 

With  regard  to  these  estimatps  for  dllTerDnt  scries  of 
we  will  only  call  attention  lo  the  fact  that  they  diS«  fn*- 
aniilhcr  in  tUc  divectitm  tlutt  it   would  be  expecUnl  lliBT  •«»"] 
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ABLE   LIL — Estimated  Loss  of  Nitboobn,  as  Nitbatbs,  in  the 
collected   Drainage- Waters  from    the    di£ferent   Plots  in   the 

£XPEBIMBNTAL  WhSAT  FiELD. 


Thtbtt  Years,  Quantities  in  Lbs. 

FEB  AOBE. 

Iftyeant 
1851-2, 

to 
1869-70. 

7yearB. 
1870-1, 

to 
1876-7. 

1  year, 
1877-8. 

3year^ 

1878-9. 

to 

1880-1. 

30  years, 
1861-2, 

to 
1880-1. 

2  years, 
1879-80, 

to 
1880-1. 

+  or- 

Plot  6. 

una. 

30  years, 

1861-2, 

to 

2  years, 

1879-80, 

to 

m 

1880-1. 

1880-1. 

lb.. 

lbs. 

lbs. 

lbs. 

Ibe. 

lbs. 

lbs. 

lbs. 

I&4 

91 

HI 

11-8 

15-9 

10-3 

15-2 

-     1-7 

-     1-5 

6 

10-6 

13-2 

13-6 

17-3 

120 

16-7 

•  • 

•  • 

e 

17-3 

22-7 

20-9 

20-7 

19-0 

22-4 

+     7-0 

+     5-7 

7 

28-9 

38-9 

31-6 

25-8 

31  0 

28-3 

+  190 

+  11-6 

8 

39-9 

53-2 

40-5 

34-3 

42-5 

42-5 

+  30-5 

+  25-8 

9 

32-5 

35-6 

60-3 

48-0 

35-7 

58-3 

+  23-7 

-f-  41-6 

10 

40-4 

49-4 

48-2 

44-8 

43-2 

49-9 

+  31-2 

+  33-2 

11 

381 

49-6 

38-5 

35-2 

40-5 

39-5 

+  28-5 

-f-  22-8 

18 

34-3 

45-7 

34-2 

301 

36-5 

34-6 

+  24-5 

+  17-9 

18 

35-4 

48-2 

35-9 

27-7 

37-6 

32-2 

+  25-6 

+  15-5 

14 

36-9 

49-4 

420 

32- 1 

39-5 

36-5 

+  27-5 

+  19-8 

18 

34-3 

♦23-3 

58-9 

63-5 

35-5 

740 

-f-  23-5 

-f-  57-3 

18 

11.9 

14-7 

14-8 

16-6 

131 

16-4 

+     M 

-     0-3 

*  Five  years  spring-so wn. 

lo,  having  regard  to  the  difference  in  the  characters  of  the 
leasons,  to  the  average  character  of  the  crops  accordingly,  and 
io  the  time  of  year  at  which  the  ammonium-salts  were  sown. 

The  next  Table  (LIII.)  shows  for  the  whole  thirty  years :  in 
^e  upper  division,  the  estimated  amounts  of  nitrogen  removed 
ui  the  crops  and  lost  in  the  collected  drainage,  also  the  amount 
rf  that  supplied  which  is  unaccounted  for  in  either  crop  or 
linage ;  in  the  middle  division,  the  excess  of  the  amounts  on 
he  plots  with  nitrogenous  manure  over  those  on  Plot  5  without 
^  and  the  amounts  of  that  supplied  in  manure  which  are  not 
^Counted  for  in  the  increase  in  crop  and  drainage  together, 
toally,  there  is  given  the  percentage  on  the  amounts  supplied 
*  manure,  recovered  in  the  increase  in  crop,  in  the  increase  in 
'^^age,  and  unaccounted  for  in  either. 

The  first  four  columns  show  the  results  for  Plot  5  with  the 
Mineral  manure  alone,  Plot  6  with  the  mineral  manure  and 
^0  lbs.  ammonium-salts.  Plot  7  with  the  mineral  manure  and 
W  lbs.,  and  Plot  8  with  the  mineral  manure  and  600  lbs. 
"^^monium-salts.  It  is  seen  that  the  nitrogen  in  the  crop 
^^ii^ases  considerably,  and  that  in  the  drainage  increases  pro- 
^rtonally  more,  with  each  increase  of  nitrogen  in  the  manure. 
^t  if  the  amounts  in  the  produce  and  drainage  without  am- 
^onium-salts  (Plot  5)  be  deducted  from  those  vjilVi  wrcvrsvrvxvvvvrev- 
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lere  is,  so  reckoned,  a  very  large  and  increasing  amount 
supplied  unaccounted  for  in  either  crop  or  drainage. 

next  six  columns  of  the  Table  show  the  amounts  of 
n  in  the  crop,  and  estimated  in  the  drainage,  on  six 
sach  receiving  86  lbs.  of  nitrogen  annually  as  ammo- 
alts,    in    one   case   without   any    mineral    manure,    and 

others  with   different  descriptions  of  mineral   manure, 

whole  period  of  30  years  or  more.  The  amount  of 
n  annually  removed  in  the  crop  is  32*7  lbs.  with  the 
ium-salts  alone,  and  gradually  increases  with  the  ad- 
3f  the  different  mineral  manures  until  it  reaches  46'2  lbs. 
be  ammonium-salts  and  the  most  complete  mineral 
!.  The  estimated  amount  in  the  drainage,  on  the  other 
3  the  highest,  43*2  lbs.,  with  the  ammonium-salts  alone, 
e  lowest  with  the  ammonium-salts  and  the  complete 
I  manure,  namely,  31*0  lbs.  The  amounts  in  the  crop 
ainage  respectively,  are  indeed,  in  the  two  cases,  to  a 
xtent  complementary.  Thus,  with  the  ammonium-salts 
;here  are,  in  crop  and  drainage  together,  75*9  lbs.,  made 
J2*7  lbs.  in  crop,  and  43*2  lbs.  in  the  drainage  ;  and, 
e  ammonium-salts  and  mixed  mineral  manure,  there  are 

and  drainage  77*2  lbs.,  but  made  up  of  46*2  lbs.  in  the 
id  of  31  lbs.  in  the  drainage.  The  intermediate  plots 
ow  upon  the  whole  the  less  in  the  drainage  the  more 

in  the  crop. 

general  result  is  that  with  the  same  amount  of  am- 
Q-salts  and  the  complete  mineral  manure,  there  is 
iximum  amount  of  nitrogen  per  acre  in  the  crop  and 
aimum  amount  in  the  drainage ;  but  with  the  am- 
n-salts  without  mineral  manure,  there  is  the  minimum 

in  the  crop  and  the  maximum  amount  in  the  drainage. 

with  the  six  very  different  conditions  as  to  mineral 
,  there  is  upon  the  whole  the  less  accounted  for  in  crop 
linage  together,  the  less  the  amount  in  the  crop,  and  the 

the  actual  amount  in  the  collected  drainage.     There  is 

as  before,  though  more  in  the  drainage,  more  entirely 
mted  for  the  greater  the  excess  over  the  demands  of  the 
whilst,  with  the  more  favourable  conditions  of  growth  in 
to  mineral  supply,  and  the  more  nitrogen  taken  up  in 
p,  the  total  amount  in  crop  and  drainage  the  more  nearly 
imates  to  the  amount  annually  supplied  in  manure, 
is  some  exception  to  this ;  but  there  is  reason  to  believe 
e  drainage  results  for  that  plot  are  somewhat  too  low, 
rhaps  those  of  Plot  14  rather  too  high.  Indeed,  the  total 
;  in  crop  and  drainage  is  less  for  Plot  7  with  ammonium- 
I  most  years  sown  in  the  autumn)  and  iVie  muLft^V  TCLVftEt^ 
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manure,  than  for  Plot  9  with  nitrate  of  sodium  (alwayf  sown '» 
the  spring:)  and  the  mixed  mineral  manure  on  one-half  only  (i(  tlii 
plot.  With  these  differences  there  is  on  Plot  ".I  even  isthn  more 
recovered  in  the  crop,  and  there  is  more  also  in  the  drainm. 

Finally,  in  these  estimates  for  the  thirty  years,  with  mocli  belW 
average  seasons,  and  much  more  nitrogen  recovered  in  the  CTups. 
but  with  mostly  autumn  sowing,  and  generally  rather  ibhk 
nitrogen  in  the  drainage  from  the  ammonia-plots,  iherr  liom- 
siderably  more  accounted  for  in  trop  and  drainage  togette, 
than  over  the  two  seasons  of  spring  sowiog,  »nd  rscesun 
drainage.  The  estimated  amounts  in  the  drainoj^  wot. 
indeed,  over  the  two  years,  greater,  or  about  equal,  with  d«fe^ 
live  mineral  supply  and  defective  growth  accordingly,  hut  tli^ 
were  less  under  the  more  favourable  conditions  oi  growth  tlisa 
over  the  thirty  years. 

It  will  be  seen  that  in  the  foregoing  comparisons  of  the 
amounts  of  nitrogen  in  the  total  crop  and  drainage  with  ttie 
amounts  supplied  in  manure,  no  account  is  taken  ol  tiic  sio&ll 
quantity  (say  2  lbs,  per  acre  per  annum)  supplied  in  tlie  »e«i, 
and  the  very  much  larger  quantity  contributetl  by  r«n  and  nrtt- 
densatlun  from  the  atmosphere,  and  by  the  soil  itself;  nor  of 
how  much,  if  any,  is  retained  by  the  soil. 

Assuming  that  the  crop  and  drainage  of  the  plota  rewinng 
nitrogen  in  manure  have  received  the  same  amount  from  ulhn 
sources  as  Plot  5  without  such  manure,  the  amounts  in  th( 
crop  and  dminnge  respectively,  of  that  plot,  have  been  d«lucl«! 
from  the  amounts  for  the  other  plots,  and  the  result  is  fivrn 
in  the  middle  division  of  the  Table.  The  amounts  so  dcducid 
are,  for  crop  203  Iba.,  for  drainage  12  lbs.,  togetliw  3S!-3  lU 
Reckoned  in  this  way,  a  very  large  amount  »{  the  oilinpa 
supplied  by  manure  appears  unaccimnliHl  for  in  crop  and  dnis- 
agc.  The  Quantities  so  unaccounted  for  amount,  as  ihawn  U 
the  bottom  line  of  the  Table,  t4i  from  4U  to  50  per  cent,  uf  tb« 
total  amount  supplied;  and  with  80  lbs.  of  nitrogen  in  tnanoie 
they  range  from  344  lbs.  to  42'4  lbs.  per  acre  per  annum.  T\it 
figures  further  show  that,  with  the  best  mndttioDs  nf  milwral 
manuring  and  of  growth,  SO'l  per  M^nt.,  or  less  tlutn  one-lhiid  si 
the  supplied  nitrogen,  is  recovered  In  the  intreane  ai  crajv  uJ 
that  221  per  cent,  have  appeared  in  the  drainage.  Comptu" 
with  this  result  there  is,  with  the  400  lbs.  of  ammoniun^^il* 
alone,  only  14*4  per  cent,  reckoned  to  be  rceovemi  in  l4« 
increase  of  crop,  and  3f>'5  per  cent,  found  in  the  (Iraiaagc.  Thr 
results  for  the  plots  with  the  partial  mineral  mnnur>»  an  i>»*<^ 
mediate  between  tiiese  twn  extremes. 

The  next  tjueiiUoa  •' — ~i>»*i'—  ■>■■-.«  ;-  —  — ■ — ..i.h^^H 
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the  nitrogen  of  manure  within  the  soil  which  may  account  for 
some  or  all  of  the  large  amount  otherwise  unaccounted  for  ? 

In  1865  careful  samples  of  the  soil  were  taken  from  eleven  of 
the  differently-manured  plots  in  the  Experimental  Wheat-field. 
The  samples  were  taken  from  eight  places  on  each  plot,  and  in 
each  case  to  three  depths  of  9  inches,  or  in  all  to  a  depth  of 
27  inches :  and  the  eight  samples  of  the  same  depth  were  mixed 
togetl^r.  In  no  case  were  less  than  three  determinations  of 
nitrogen  made  in  these  mixed  samples,  and  in  some  four  or 
more.  The  following  Table  (LIV.)  shows  the  mean  per- 
centage of  nitrogen  in  the  dry  mould  (that  is,  excluding  stones 
and  moisture)  in  the  mixed  samples  of  the  first  9  inches  of 
depth  for  each  of  the  eleven  plots.  It  also  shows  the  calculated 
amounts  of  nitrogen  per  acre  (reckoning  2,300,000  lbs.  of  dry 
mould  to  the  depth  of  9  inches),  and  the  amounts  on  the  other 
plots  more  or  less  than  on  Plot  5. 

Tabus  LIV. — ^Mban  Peboentage,  and  Quanttty  pbb  Aobe,  of 
NiTBooEN  in  the  Stjbfage  Soil  (9  inches  deep)  of  Selected  Plots 
in  the  Expebihental  Wheat  Field. 

Samplss  Collected  Octobib  1865. 


Plots. 


S 

8 

6a 

7a 

Oa 

10a 

11a 

18a 

18a 

14a 

16a 


Manures  per  Acre  per  Annom. 


14  tons  Fann-yard  Manure        

Unmanured 

Mixed  Mineral  Manure       

Mixed  Min.  Manure  and  400  lbs.  Amro.-fialts  .. 
Mixed  Min.  Man.  and  550  Iba.  Nitrate  of  Sodium 
400ibs.  Ainm.-8alts,  alone  (1845  and  since)     .. 
400  lbs.  Amni.-8alt8  and  Superphosphate 
400  lbs.  AmuL-salts,  Superphos.  and  Sulph.  Soda. 
400  lbs.  Am.-salts,  Superphos.  and  Sulph.  Potass. 
400  Ibe.  Amm.-salts,  Superpboe.  and  Sulph.  Mag. 
800  lbs.*  Amm.-Balts  and  Mixed  Min.  Manure 


Nitrogen  in  Dry  Mould. 


Per 

Cent. 


Per  cent 
0*1882 
OlOIM) 
0-1119 
0-1230 
0  1232 
0-1108 
01171 
0-1208 
0-1206 
01197 
0  1264 


Per 

Acre. 


Ibe. 
4329 
2507 
2574 
2829 
2834 
2548 
2693 
2778 
2774 
2753 
2907 


Per  Acre, 
+  or  — 
Plot  6. 


lbs. 

+  1755 

-  67 

+  255 

+  260 

-  26 
+  119 
+  204 
+  200 
+  179 
+  333 


These  determinations  of  nitrogen  relate  to  the  condition  of 
the  plots  after  all  had  been  under  experiment  for  22  years  in 
succession.  The  unmanured  and  the  farmyard-manured  plots 
had  been  subject  to  the  same  treatment  from  the  commencement. 
Each  of  the  other  plots  had,  respectively,  received  the  same 
description,  and  with  immaterial  exceptions  the  s.ime  amount, 
of  manure  for  the  last  14  years  of  the  22,  but  had  been  somewhat 
differently  manured  during  the  first  8  years. 


♦  To  1864  inchwivc,  but  none  in  1865,  or  since. 
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Confmin^  atti^ntion  for  the  present  to  the  several  artificiallv- 
inruiunMl  plots,  it  is  seen  at  a  glance  that,  with  the  exception  of 
l^lot  10,  with  the  ammonium-salts  alone,  all  the  plots  receirins; 
annually  iOO  lbs.  of  ammonium- salts  show  a  higher  per- 
(•('nta<r(»  and  actual  amount  of  nitrogen  in  the  surface-soil  than 
Flot  f)  with  the  mineral  manure  without  ammonium-salts;  and 
Plot  1<),  which,  (luring  the  first  13  of  the  14  years  had  received 
annually  (SOU  ll)s.  ol'  ammonium-salts,  or  twice  as  much  as  anv 
of  the  others  (but  had  since  grown  one  crop  without  any 
ammonia)  shows  a  higher  amount  still.  Without  cLiimio^ 
absolute^  accuracy  for  the  figures,  it  cannot  fail  to  be  observed 
that  th(»  excess  on  the  different  plots  over  Plot  5,  as  given  in 
th(»  last  column  ol  the  Table,  is  very  closely  in  the  order  of 
the  amounts  ol  nitrogen  in  the  crops,  and  almost  the  ccmverse 
of  till'  (M'ler  of  tlie  amounts  in  the  drainage,  as  shown  in 
Table  Li  II.  Thus,  there  are  the  highest  amounts  in  the  crop, 
and  t!;e  l:i.ri"'.^t  amounts  in  the  surface- soil,  on  Plots  la  and  yti, 
with  tl-e  hic^t  complete  mineral  manure;  and  the  estimated 
loss  by  (liaiua.'/'  Irom  those  plots  is  the  lowest.  There  are  less 
a  moil  Jits  (,i  11-  I.  .»,'ii  in  the  crops,  less  in  the  soil,  and  there  is 
]iu)vc  e,;i;j.  iitil  lo  s  by  drainage,  on  Plots  12,  13,  and  14,  with 
siijxi  vli*.  pli  ii;',  ;iiid  either  soda,  ])()tash,  or  magnesiia.  There 
io  h  ss  still  i;i  \[:.'  crop,  less  still  in  the  soil,  and  more  loss  in 
the  (Ir.iiiiaue,  <»n  I'jut  11,  with  only  superphosphate  as  mineral 
maniMt'.  I  iiially,  there  is  the  least  in  the  crop,  no  excess  in 
tlie  soil,  a!.(l  the  most  in  the  drainage,  of  Plot  10,  with  the 
amir.oiiini-i-^aiLS  alone. 

i  lie  .M'{(.!i(l  and  third  9  inches  of  soil  also  show  in  most 
ca^<s  ^o'lie,  but  a  variable  amount  of  excess  of  nitrogen  in  the 
case  of  [>h)t.s  rt-ciiving  nitrogenous  manure;  but  it  would  lead 
to  too  lomr  a  discussion  to  consider  the  results  in  any  detail. 
This  must  be  reserved  for  a  special  Report  on  our  very  numerous 
(letermin.'.iions  of  nitrogen  in  soils. 

It  may  be  staled,  however,  that  in  the  autumn  of  last  year 
(IS*'^!)  samples  were  again  taken,  to  three  depths  of  9  inches 
each,  or  to  a  total  depth  of  27  inches,  from  20  plots  in  the  Experi- 
mental Wlieat-fiehl,  and  the  determination  of  nitrogen  in  them 
is  now  in  progress.  With  regard  to  the  results,  we  can  onlj  now 
state  the?  siifiiificant  fact  that,  so  far  as  the  amount  of  nitrogen 
in  the  surla(\-^oil  is  C(mcerned,  the  relation  of  plot  to  plot  i« 
(essentially  acconlant  at  the  two  periods.  Thus,  the  determina- 
tions in  LSi),')  were  made  after  14  years,  and  those  of  1881  after 
oO  \ears  of  continuous  experiment  ;  the  amount  of  nitrogen  in 
th(>  surtace-soil  of  Plot  5  without  ammonium-salt  is  lower  in 
1>^'"^1  than  in  LSil.");  and  the  difference  in  the  amount  on  the 
di/Jercr]!   ammouuuu  \\\ols,  cowv^wcd  with  Plot  5,  is,  in  IW** 
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ceases,  approximately,  twice  as  great  after  the  30  as  after  the 
14  years.  The  order  of  excess  of  nitrogen  on  the  different  plots 
is  again,  in  1881,  almost  parallel  with  that  of  the  increased 
yield  of  nitrogen  in  the  crops,  and  it  is  almost  the  converse  to 
that  of  the  amount  estimated  to  be  lost  by  drainage. 

From  these  facts  it  is  obviously  to  be  concluded  that  the 
relative  excess  of  nitrogen  in  the  soil  of  the  different  plots  re- 
ceiving nitrogen  in  manure,  is  much  more  closely  connected 
with  the  amount  of  growth,  than  with  direct  retention  of  the 
nitrogen  of  the  manure.  In  other  words,  the  difference  is 
mainly  due  to  the  residue  of  the  crops — to  the  stubble  and 
roots,  and  perhaps  to  weeds. 

Further,  the  excess  on  the  ammonia  plots  compared  with 
Plot  5,  is  much  more  due  to  tbe  reduction  in  the  nitrogen  of 
Plot  5  than  to  any  increase  on  the  ammonia  plots  ;  for  the 
percentage  in  these  is  very  nearly  the  same  at  the  two  periods, 
being,  as  a  rule,  slightly  higher  in  1881  than  in  1865  on  the 
plots  of  the  best  growth,  and  slightly  lower  on  those  of  deficient 
growth.  The  indication  is,  therefore,  not  that  the  ammonia- 
plots  have  gained  in  the  degree  which  the  excess  in  the  amounts 
over  Plot  5  would  show;  but  only  that  the 'loss  which  the  soil 
itself  has  sustained  in  all  cases,  has  been  more  or  less  com- 
pletely compensated  by  the  retention  of  nitrogenous  crop  residue, 
which  has  taken  place  much  in  proportion  to  the  amount  of 
crop  grown  and  removed. 

It  is  obvious  that  we  must  suppose  a  certain  amount  of 
nitrogen  has  been  supplied  to  the  crop,  or  to  the  drainage,  or 
to  both,  from  the  soil  itself.  Whether  this  amount  is  greater 
or  less  where  there  is  a  liberal  supply  of  nitrogen  by  manure 
than  where  there  is  not,  the  data  do  not  enable  us  to  determine 
with  any  certainty.  On  this  point  it  may  be  stated  that,  taking 
the  average  of  the  whole  30  years,  the  estimates  show  an 
annual  yield  of  nitrogen  on  the  unmanured  plot  of  18*6  lbs.  in 
the  crop,  and  10-3  lbs.  in  the  drainage,  or  in  all  28*9  lbs.  per 
acre  per  annum.  In  like  manner  Plot  5,  receiving  nitrogenous 
manure  during  the  first  8  years,  but  minerad  manure  only 
during  the  last  30  years,  has  yielded  20*3  lbs.  in  the  crop,  and 
12  lbs.  in  the  drainage,  or  in  all  32*3  lbs.  per  acre  per  annum. 
So  far  as  can  be  estimated,  it  would  appear  that  the  soil  of  each 
of  these  two  plots  has  on  the  average  of  30  years  lost  about 
two-thirds  of  these  amounts  annually,  to  the  depth  of  27  inches. 
There  would  remain,  therefore,  about  one-third — say  10  lbs., 
more  or  less — to  be  contributed  by  seed,  and  by  rain  and  con- 
densation from  the  atmosphere.  Of  this  about  2  lbs.  will  be 
due  to  seed,  leaving  not  much  more  to  be  otherwise  acco\uvt«.d 
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for  than  has  been  shown  to  be  annually  supplied  in  rain  and 
the  minor  deposits  from  the  atmosphere. 

Assuming  32  lbs.  of  nitrogen  to  be  annually  contributed  bj 
seed,  rain  and  condensation,  and  the  soil,  to  the  vegetation  and 
the  drainage  of  the  plots  receiving  nitrogen  in  manure,  there 
is,  as  has  been  shown,  a  considerable  amount  of  the  total 
nitrogen  available,  which  is  not  accounted  for  in  the  crop  and 
drainage.  Deducting  the  amounts  in  crop  and  drainage  of 
Plot  5  from  those  of  the  other  plots,  as  in  Table  LIIL,  it  was 
shown  that  with  86  lbs.  of  nitrogen  supplied  in  400  lbs.  am- 
monium-salts, there  remained  from  34  to  42  lbs.  unaccounted 
for  in  increase  of  crop  and  drainage.  Or,  if  we  add  the  32  lbs. 
assumed  to  be  available  from  other  sources  to  the  86  from  the 
ammonium-salts,  we  have  118  lbs.  annually  available  from  all 
sources ;  and,  as  we  have  under  the  most  favourable  conditions 
of  mineral  supply  and  growth  only  about  80  lbs.  in  total  crop 
and  collected  drainage,  there  remain,  on  this  mode  of  reckoning, 
about  38  lbs.  of  the  118  annually  unaccounted  for;  and  with 
excess  of  nitrogen  in  manure  very  much  more. 

As  on  these  modes  of  reckoning,  the  same  amount  is  assumed 
to  be  available  from  seed,  atmosphere,  and  soil,  as  to  Plot  5,  it 
is  clear  that  the  amount  in  the  soil  of  the  different  plots  in 
excess  of  that  on  Plot  5,  is  to  be  reckoned  as  so  much  reduction 
of  the  amount  otherwise  unaccounted  for.  So  far  as  can  be  judged 
from  the  results  already  at  command,  it  would  appear  that,  with 
86  lbs.  of  nitrogen  supplied  in  manure,  and  the  more  favourable 
conditions  of  mineral  supply  and  growth,  perhaps  one-third  of 
the  deficiency  will  be  accounted  for  in  the  soil.  There  would 
still  remain,  therefore,  say  25  lbs.,  more  or  less,  annnallj 
unaccounted  for,  and  the  amount  will  be  the  greater  the  more 
defective  the  conditions  of  growth,  or  the  greater  the  excess  in 
manure.  The  latter  are,  nevertheless,  the  conditions  under  which 
the  collected  drainage  accounts  for  the  greatest  actual  quantity. 

Either  then  the  amounts  of  nitrogen  estimated  to  be  lost  bj 
drainage  are  too  low,  or  there  is  some  other  source  of  loss. 

With  regard  to  the  first  supposition,  it  is  admitted  that  there 
is  uncertainty  in  the  estimates  of  the  total  amount  of  drainage 
passing  from  the  land ;  that  it  is  a  question  how  far  the  com- 
position of  the  drainage  collected  from  the  pipes  represents  that 
of  the  total  drainage  ;  and  that  at  any  rate  the  determinations 
of  nitric  acid  in  the  drainage-waters  are  but  few,  indeed  far  too 
few,  for  the  long  series  of  years  during  which  the  nitrogenons 
manures  were  sown  in  the  autumn.  On  this  point  it  may  he 
observed  that  in  the  case  of  the  two  years  of  unusually  frequent 
drainage,  and  when  every  flow  from  the  pipes  was  analysed,  the 
amounts  of  nitrogen  estimated  to  bo  lost  by  drainage  from  the 
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lutumn-sown  Plot  15  was,  together  with  the  amount  in  the 
:rop,  nearly  sufficient  to  account  for  the  whole  estimated  to  be 
iTailable  within  that  period  ;  and  so  far  as  can  be  judged,  the 
iccumulation  of  residue  within  the  soil  would  fully  make  up  the 
ieficiency.  It  must  be  borne  in  mind,  however,  that  that  period 
Hras  very  circumscribed. 

It  is  obvious  that  in  the  case  of  the  Experimental  Wheat- 
field,  with  not  many  feet  of  clay  sub-soil,  and  chalk  below, 
favouring  natural  drainage,  there  will  be  much  drainage  from 
the  land  when  none  flows  from  the  pipes.  In  fact,  none  does 
Bow  from  the  pipes  except  under  the  influence  of  continuous  or 
beavy  rain.  The  character  of  the  drainage  collected  from  them 
will,  therefore,  depend  very  directly  on  the  contents  of  the  soil 
Bibove  their  level.  Now,  reference  to  the  details  of  the  analyses 
ihows  that  the  drainage-waters  contained  rather  less  chlorine 
Bit  the  end  than  at  the  beginning  of  the  two  years  for  which 
the  loss  of  nitrogen  by  nitrates  in  the  collected  drainage- 
waters  has  been  estimated.  It  is  concluded,  therefore,  that 
none  of  the  chlorine  which  had  been  supplied  by  manure 
and  rain  within  the  period,  still  remained  above  the  level 
of  the  drain-pipes.  But  when  the  quantity  of  chlorine  in 
the  collected  drainage- waters  is  calculated  in  the  same  way  as 
the  loss  of  nitrates  has  been  estimated,  it  is  found  that  in  most 
cases  a  considerable  amount  of  the  chlorine  supplied,  and  not 
appropriated  by  the  crop,  remains  unaccounted  for.  Further^ 
comparing  the  results  for  Plots  6,  7,  and  8,  with  increasing 
amounts  of  chlorine  supplied  in  the  manure,  the  quantity 
unaccounted  for  is  the  greater,  the  greater  the  amount  supplied. 
Thus,  in  the  case  of  the  chlorine,  which  is  supplied  in  a  con-, 
dition  at  once  highly  soluble  and  diffusible,  and  the  distribution 
>f  which  will  be  less  influenced  by  vegetation  than  will  that  of 
Jie  nitrates,  there  is  a  considerable  amount  unaccounted  for  in 
the  crop  and  the  collected  drainage,  and  there  is  evidence  indi- 
2KtiDg  that  it  does  not  remain  above  the  level  of  the  drain-pipes. 
The  conclusion  is  that  it  has  passed  downwards  by  diffusion, 
md  by  drainage  other  than  through  the  pipes.  Calculation 
«eads  to  the  conclusion  that  nitrates  have  disappeared  in  the 
lame  way. 

In  the  case  of  autumn  sowing,  the  manure  is  on  the  ground 
four  or  five  months  before  the  commencement  of  vegetation,  and 
during  a  period  when  there  will  usually  be  much  more  frequent 
drainage  from  the  pipes  than  subsequently.  It  is  to  be  sup- 
posed that  under  such  circumstances  a  larger  proportion  of  the 
nitrates  which  are  formed  near  the  surface  will  get  directly 
into  the  pipes  than  under  the  average  conditions  with  spring 
sowing ;  and  so  far  as  this  is  so,  there  will  be  less  disappearance 
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equalled  that  recovered  in  the  increase  of  crop,  whilst  in  un- 
favourable conditions  it  considerably  exceeded  it.  Further, 
there  can  be  no  doubt  that  the  actual  loss  by  drainage  was 
greater  than  the  reckonings  showed.  These  results  are  of  very 
great  importance  as  illustrations  of  the  loss  which  may  occur 
under  known  conditions. 

The  average  conditions  of  practical  agriculture  are,  however, 
not  such  as  to  lead  to  the  loss  by  drainage  of  so  large  a  propor- 
tion of  the  nitrogen  supplied  by  manure.  When  ammoniacal 
manure  or  nitrate  is  used,  it  will  generally  be  in  less  quantities 
than  in  the  experimental  wheat-field,  in  which  so  much  loss  by 
drainage  has  taken  place ;  and  such  manures  should  only  be 
applied  when  there  is  a  growing  crop  ready  to  utilise  them.  Bat 
by  far  the  greater  part  of  the  nitrogen  supplied  to  the  soil  in 
ordinary  agriculture  is  in  farmyard-manure,  or  is  directly 
deposited  by  animals.  In  either  case  a  comparatively  small 
proportion  of  the  nitrogen  becomes  immediately  soluble  within 
the  soil,  and  there  will,  therefore,  be  the  less  liability  to  loss  bj 
drainage.  If  the  soil  be  heavily  manured,  and  rich  in  organic 
matter,  and  especially  if  it  be  water-logged,  and  not  freelj 
aerated,  there  will  be  more  danger  of  loss  by  the  evolution  of  free 
nitrogen.  Further,  a  considerable  amount  of  the  nitrogen  of  farm- 
yard-manure will  be  ineffective,  because  it  remains  insoluble, 
and,  so  to  speak,  dormant  within  the  soil.  Again,  in  ordinaiy 
agriculture,  a  great  variety  of  plants  is  grown  in  alternation  one 
with  another.  The  ground  is  thus  covered  with  vegetation  for 
longer,  and  at  different,  periods  of  the  year,  than  in  the  case  of 
a  continuous  cereal  crop  ;  whilst  the  various  plants  will  have 
various  root-ranges  and  habits  of  growth.  Hence  the  nitrates 
brought  into  solution  are  in  a  much  greater  degree  arrested  bj 
the  growing  crops.  It  has  been  shown  in  the  case  of  the  two 
wet  seasons,  the  full  details  respecting  which  have  been  given,  that 
during  the  autumn  and  winter,  when  there  was  no  crop  on  the 
ground,  there  was  even  from  the  plots  receiving  no  nitn^fen  in 
manure,  a  loss  by  drainage  of  from  15  to  20  lbs.  of  nitrogen 
per  acre  per  annum  ;  whilst  from  the  plots  highly  manured  with 
ammonium-salts  or  nitrate,  the  losses  during  the  same  period 
were  very  much  greater.  How  great  may  be  the  loss  by 
drainage  with  a  bare  fallow  in  wet  seasons  has  been  folly 
illustrated  by  the  results  relating  to  the  drainage  collected  from 
the  soil-drain-gauges,  and  the  fact  is  here  again  strikingly 
brought  to  view. 
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SUMMARY. 
Amount  and  Composition  of  Rainfall. 

SE  rainfall  at  Rothamsted  during  28  years,  1853-80,  has 
d  from  18*56  inches  in  1864  to  36*04  inches  in  1879,  the 
ige  being  28*30  inches. 

Determinations  of  ammonia  at  Rothamsted  in  the  rain  of 
-4  showed  an  average  of  0*74  nitrogen  per  million  ;  deter- 
tions  by  Way  (1855  and  1856)  088  and  1*18  nitrogen  per 
on.  Frankland's  determinations  in  1869-70  showed  0*37  per 
on.  Determinations  made  quite  recently  at  Rothamsted 
rm  Frankland's   results;   the  earlier  figures  are  probably 

The  total  nitrogen  supplied  in  the  annual  rainfall  at 
amsted  is  probably  4  to  5  lbs.  per  acre,  excluding  the  con- 
ition  by  the  soil.  The  mean  of  continental  estimates, 
ding  localities  near  towns,  is  10*23  lbs.  per  acre. 
The  chlorine  in  Rothamsted  rain  has  averaged  13*42  lbs., 
1  to  22*12  lbs.  pure  common  salt  per  acre  per  annum.  At 
icester  the  amount  is  equal  to  53*66  lbs.  of  salt. 

[NAGE-WATERS  FBOM  LaND  UnMANUBED  AND  UnOROPPBD. 

The  annual  drainage  during  10  years,  1870-1  to  1879-80, 

three  drain-gauges,  of  heavy  loam  with  clay  subsoil  in 
ral  condition  of  consolidation,  20,  40  and  60  inches  deep, 
varied  from  4*97  to  25*86  inches,  mean  13*49  inches,  or 
,  60*5,  and  43*4  per  cent,  of  the  rainfall. 

The  evaporation  from  the  bare  soil  averaged  5*58  inches 

October  to  March,  and  11*97  inches  from  April  to  Sep- 
ler,  total  17*55  inches.  The  evaporation  during  the  sum- 
and  whole  year  is  a  fairly  constant  quantity  with  great 
rences  of  rainfall. 

The  evaporation  from  a  cropped  soil  is  far  more  consider- 

and  very  variable. 

Nitrates  are  largely  produced  in  soil  by  the  action  of  a 
g  ferment  on  the  nitrogenous  organic  matter  and  am- 
ia ;  nitrification  takes  place  chiefly  in  the  upper  layer  of  soil, 
is  greatly  favoured  by  the  presence  of  water,  and  by  summer 
lerature.  The  waters  from  the  drain-gauges  are  richest  in 
tes  in  late  summer  and  autumn,  and  poorest  in  spring. 

The  quantity  of  nitrogen  as  nitrates  annually  removed  in 
drainage-waters  (October  to  September)  has  varied  from 
3  lbs.  to  57*95  lbs.   per  acre ;   the  average  of  four  ^e^T«^ 
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1877-8  lo  1880-1,  is  41-81  lbs.,  equal  to  2fiiilbs.  uf  ordioiry 
nitrate  of  sodium  per  acre. 

10.  The  amount  of  chlorine  in  the  drainage  from  the  dtun- 
gauges  is  approxiiniitel^  the  same  as  tu  the  rainfall. 

11.  The  advantage  of  a  bare  fallow  is  largely  due  to  the 
production  of  nitrates  in  the  soil  ;  in  fields  in  bare  fulloir  it 
Rothamsted  50  lbs.  per  acre  of  nitrogen  as  nitrates  hare  bm 
found  at  the  end  of  summer  in  the  first  2U  inches.  If  foUgmd 
by  a  wet  winter,  bnre  fallow  must  result  in  a  serious  li>ts  of  wi 
nitrogen. 

Drain  AGE- WATERS  fhom  Land  Manured  and  Cboppbd 
WITH  Wheat. 

12.  The  drain  age- water  passing  through  a  natural  soil  it  <i 
two  kinds: — 1,  Surface-water  passing  downwards  througb  opot 
channels,  2.  The  discharge  from  the  saturated  soil.  The  fini 
is  much  weaker  than  the  second,  save  when  soluble  manaitt 
have  been  recently  applied  to  the  surface. 

13.  The  annual  average  loss  of  lime  and  magnesia  Ity  dnJlHCt 
from  the  continuously  uomanured  wheat-plot  is  appareiuf 
about  223  lbs.  ;  where  400  lbs.  ammimium-satts  are  applitd,  the 
loss  is  389  lbs.  ;  where  sulphates  of  sodium,  potaasium,  •oil 
magnesium  are  also  added,  the  loss  is  still  greater;  the  two 
last-named  salts  exerting  most  influence.  Nitrate  of  sodiuili 
does  not  apparently  increase  the  loss  of  lime, 

14.  The  chlorine  and  soda  applied  in  manure  »re  retaiixd 
to  only  a  small  extent,  either  by  the  wheat-crop  or  the  soil; 
sulphuric  acid  is  retained  to  a  somewhat  greater  extent,  nwt" 
pboric  acid  and  potash  are  very  perfectly  retained,  the  pwl 
unassimilated  by  the  crop  being  held  by  the  soil,  chiefly  ja  tbr 
upper  layers  ;  this  is  especially  true  of  phosphoric  acid, 

15.  The  quantity  of  nitric  acid  lost  by  drainage  from  nil- 
manured  land  cropped  with  wheat,  is  far  smaller  than  that  Imt 
by  uncropped  land,  the  crop  assimilating  the  nitrnles  formed. 
In  summer  the  drain  age- waters  contain  liltle  or  no  nitrates  \  »fl« 
harvest  nitrates  reappear,  and  are  found  in  the  waters  ihnwgb 
the  winter. 

16.  When  ammonium-salts  are  applied  to  land,  the  aminoDU 
is  at  first  retained  by  the  soil,  while  the  sulphuric  acid  <" 
chlorine  passes  into  the  drain  age- water,  chiefly  as  calcium  solU. 

17.  The  conversion  of  the  ammonia  into  nitric  acid  commeDCM 
almost  immediately  after  the  application  of  ammonititn-salt*'° 
wet  soil,  the  conversion  is  apparently  complete  in  a  few  wofk) 
if  wet  weather  follows.  The  nitrogen  oi"  lape-cskc  *  ~ 
slowlv  convened  mlo  niVt'vc  ocvd. 
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18.  The  drainage- waters  from  plots  manured  with  ammonium- 
Its  are  richest  in  nitrates  shortly  after  their  application.  With 
X)  lbs.  of  ammonium-salts  per  acre  applied  in  March,  the  April 
rainage-waters  have  averaged  6*7  lbs.  of  nitrogen  (=42*8  lbs. 
Ltrate  of  sodium)  per  inch  of  drainage. 

19.  With  an  equivalent  amount  of  nitrogen  applied  at  the 
ime  time  as  nitrate  of  sodium,  the  April  drain  age- waters  have 
intained  11*8  lbs.  of  nitrogen  (=  75*6  lbs.  nitrate  of  sodium) 
iT  inch  of  drainage. 

20.  In  summer  the  drainage-waters  from  plots  receiving 
X)-400  lbs.  ammonium-salts  contain  little  or  no  nitrates  if 
losphates  and  potash  have  been  supplied ;  but  with  an  excess 

'  ammonia,  or  a  deficiency  of  ash-constituents,  the  nitrates 
roduced  are  imperfectly  assimilated  by  the  crop,  and  appear 
I  the  drainage-water. 

21.  In  winter  time  the  drainage-waters  from  all  the  plots  tend 
approximate  in  composition. 

Quantity  of  Nitrogen  Lost  per  Acre  by  Drainage. 

22.  Taking  the  average  of  two  seasons  of  excessive  drainage, 
It  for  which  we  have  analyses  of  every  running  from  the  drain- 
pes  in  the  Experimental  Wheat-field,  it  was  estimated  that 
om  15  to  17  lbs.  of  nitrogen  were  lost  per  acre  per  annum  by 
"ainage  from  plots  which  had  received  no  nitrogenous  manure 
r  many  years.  Nearly  the  whole  of  this  loss  occurred  during 
e  period  of  the  year  when  there  was  either  no  crop  on  the 
'ound,  or  but  little  growth. 

23.  With  44,  88,  and  132  lbs.  nitrogen  applied  as  ammonium- 
Its  in  the  spring,  the  estimated  loss  by  drainage  was  22,  28, 
id  42  lbs.  of  nitrogen  per  acre  per  annum.  With  88  lbs.  of 
trogen  applied  as  ammonium-salts,  without  or  with  different 
ineral  manures,  the  loss  ranged  from  28  lbs.  with  the  most 
[>eral  mineral  manure,  to  50  lbs.  without  any  mineral  manure 
r  many  years.  The  loss  was  the  greater,  the  greater  the 
^ficiency  of  available  potash  and  phosphoric  acid  in  the  soil, 
'^ith  nitrate  of  sodium,  spring  sown,  the  loss  was  greater  than 
Ltb  ammonium-salts ;  but  it  was  greater  still  with  ammonium- 
Its,  autumn  sown. 

24.  Reckoned  over  thirty  years,  with  much  better  average 
asons,  the  estimated  loss  by  drainage  was  from  10  to  12  lbs. 

nitrogen  per  acre  per  annum,  without  any  nitrogenous 
anure.  With  43,  86,  and  129  lbs.  nitrogen  applied  as  ammo- 
um-salts,  in  most  years  autumn  sown,  the  estimated  loss  was 
f,  31,  and  42*4  lbs.  ;  and  with  86  lbs.  nitrogen  applied,  with- 
it,  or  with  different  mineral  manures,  the  estimated  loss  ranged 
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amount  in  the  crop,  and  tl 

27.  Only  with  the  small 
the  amount  of  nitro^n  in 
more  than  was  supplied  in 
was  a  greater  or  less  deficit 
in  manure  (which  was  not 
draina^),  it  is  estimated  th 
be  contributed  per  acre  pi 
and  condensation  of  cnmbii 
perhaps  more  by  the  soil  in 

28.  Analyses  of  the  soils 
ferent  periods,  show  that  tht 
ablj  reduced  where  no  nitr 
where  nitrogenous  manures  v 
stationary,  or  slightly  increi 
the  condition  of  the  soil  as 
amount  of  growth.  In  fact, 
nitrogen  in  the  soils  of  the 
pared  with  that  where  none 
to  the  amount  of  growth,  ani 
the  crops. 

29.  The  amount  of  nitro| 
be  lost  in  the  drainage,  to( 
where  it  was  supplied  in  n 
for  the  whole  of  ihnt  «"  — 
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woald  be  very  little  loss  from  either  of  these  sources,  and  that 
the  loss  is  almost  exclusively  by  drainage. 

31.  In  ordinary  agriculture,  fjith  a  larger  proportion  of  the 
nitrogen  supplied  in  farmyard-manure  or  animal-manures,  with 
ammonia  or  nitrate  used  in  smaller  quantities,  and  with  a 
variety  of  crops  covering  the  ground  with  vegetation  for  longer 
periods  of  the  year,  the  loss  of  nitrogen  per  acre  by  drainage 
will  be  considerably  less  than  it  has  been  shown  to  be  in  the 
Experimental  Wheat-field. 

Practical  Conclusions. 

1.  Most  of  the  nitrogen  of  farm-crops  is  derived  from  the 
nitric  acid  of  nitrates  within  the  soil. 

2.  The  nitric  acid  in  the  soil  is  produced  from  the  nitrogenous 
compounds  of  the  soil  itself,  from  the  nitrogenous  organic 
matter  of  animal  and  vegetable-manures,  from  the  ammonia  of 
artificial-manures,  and  from  the  ammonia  supplied  by  rain  and 
condensation  from  the  atmosphere.  A  very  small  quantity  of 
ready-formed  nitric  acid  is  supplied  by  rain  and  condensation 
from  the  atmosphere.  Nitric  acid  is  also  provided  by  the  direct 
application  of  nitrates. 

3.  The  ammonia  of  ammonium-salts  is  rapidly  converted  into 
nitric  acid  in  the  soil,  as  also  is  the  nitrogen  of  some  organic 
matters,  such  as  urine.  The  nitrogen  of  rape-cake,  that  of  the 
less  soluble  parts  of  farmyard-manure,  of  stubble,  of  roots,  &c., 
is  much  more  gradually  converted  into  nitric  acid,  and  it  may 
require  many  years  for  the  conversion  of  the  whole  of  it.  The 
nitrogenous  compounds  of  the  soil  itself  are  very  slowly  con- 
verted into  nitric  acid,  but  the  soil  yields  a  certain  quantity 
every  year. 

4.  When  there  is  no  vegetation,  and  there  is  drainage  from 
the  land,  or  even  when  there  is  vegetation,  and  excess  of 
drainage,  nitric  acid  is  lost  by  drainage. 

5.  As  in  the  case  of  permanent  grass-land  the  soil  is  always 
covered  with  vegetation,  there  will  be  with  it  the  maximum 
amount  of  nitric  acid  utilised  by  the  crop,  and  the  minimum 
amount  lost  by  drainage.  Land  without  vegetation  will  be 
subject  to  the  maximum  loss  of  nitric  acid  by  drainage. 

6.  The  power  of  a  growing  crop  to  utilise  the  nitric  acid  in 
the  soil  is  much  diminished  if  there  be  a  deficiency  of  available 
mineral  constituents,  and  especially  of  potash  and  phosphoric 
acid,  within  the  reach  of  the  roots. 

7.  As  the  various  crops  grown  upon  a  farm  differ  very  much 
as  to  the  period  of  the  year  of  their  most  active  growth,  the 
length  of  time  they  remain  on  the  land,  and  the  character  aad 


10.  When  oilcakea  or  o 
the  furmation  uf  nitric  acid 
but  continues  lunger  than  i 
When  there  is  a  liberal  use  < 
of  nitrogenous  and  mineral 
such  accumulation  is  knon 
Under  such  circumstances  thi 
or  it  ma^  even  be  considerab. 
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APPENDIX  TABLES  L,  II.,  and  III. 


Explanation. 


Tables  giye  the  determinations  of  Nitrogen  as  Nitrates,  and  of 
»rine  (also  Nitrogen  to  100  CUorine)  in  all  the  samples  of 
oage-water  from  the  Experimental  '^^eat-field  at  Bothamsted 
ih  haye  been  analysed — about  1500  in  number  The  results  are 
nged  in  the  chronological  order  of  the  collections,  which  range 
1  December  1866  to  March  1882. 

Table  I.,  p.  153^   gives  the  determinations  made  by  Dr. 

Voelcker  and  Dr.  Frankland. 
Table  II.,  pp.  154-159  inclusiye,  gives  the  determinations 

made  at  Bothamsted. 
Table  III.,  pp.  160-167,  giyes  the  determinations  made  at 

Kothamsted,  in  samples  taken  successiyelj  from  the  same 

runnings,  of  selected  plots,  on  numerous  occasions. 

(  the  head  of  each  column  is  given  the  date,  and  generally  the 
,  of  collection ;  also  the  rainfall  measured  at  9  a.m.  on  the  day 
Uection,  or  on  the  preceding  or  succeeding  days,  as  the  case  may 
'lias  indicating,  in  some  degree,  the  relation  of  the  running  of 
irains  to  the  proximate  rainfall,  or  to  the  previous  condition  of 
oil  as  to  moisture,  and  giving  the  means  of  judging  whether 
•ollection  is  during,  or  only  subsequent  to,  the  rainfall.  The 
"cd  character  of  the  running  is  further  indicated  by  the  words 
>l)ling,"  "  small,"  "  moderate,"  «  half  full,"  « continued,"  &c. 
*"«  0*0  is  entered  in  a  colunm,  the  sample  was  examined,  but 
•xned  none  of  the  constituent ;  where  n.  r.  is  entered,  there  was 
Laming  from  that  plot ;  where  n.  a.  is  entered,  there  was  running, 
^o  analysis  of  the  water. 

here  the  vertical  lines  between  colunms  are  doubled,  the  ni tro- 
lls manures  were  sown  between  the  dates  of  the  two  collections 
^parated,  and  tho  exact  date  of  the  application  is  given  in  the 
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entered  in  the  foot-notes. 

If  the  quantity  of  Nitroge 
water  be  multiplied  by  -226  ( 
represent  the  amount  of  loss  j 
that  strength.  Thug,  the  first 
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Occasional  collections  from  Plot  2  only  are,  to  li 
entered  in  the  foot-notes.  ' 

If  the  qiiuntity  of  Nitrogen  or  Clilorino  per  millifl 
water  be  multiplied  by  '226  (more  exactly  -H 
represent  the  amoimt  of  loas  per  acre,  in  lbs., 
that  strength.  Thus,  tbe  first  catry  in  the  tables,  sltoi 
asNitrioAoid,  per  million  drainage- water,  anil  we  ba*t 
4'13  lbs.  Nitrogen  lost  per  acre,  per  incb  of  dndn^e  a 
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152  Appendix. 

Where  more  than  one  date  or  hour  of  colleotion  is  giren  at  the  head 
of  a  column,  the  results  relate  to  mixtures  of  such  eeparate  ooUeofcioiis. 

Where  figures  are  entered  in  square  brackets,  thus  [  \  they 
represent  the  mean  result  of  two  or  more  analyses  of  soooessiTe 
collections  from  the  same  or  dosel j  consecutive  runnings ;  and  in 
such  case  the  details  will  be  found  in  the  proper  place  in  Table  IIL 

When  results  are  entered  in  a  bracket  thus  (  ),  they  refer  to 
samples  collected  at  some  other  hour  or  date  than  that  given  at  the 
head  of  the  column ;  and  the  hour  or  date  is  given. 

Occasional  collections  from  Plot  2  only  are,  to  save  a  ooIiiidb, 
entered  in  the  foot-notes. 

If  the  quantity  of  Nitrogen  or  Chlorine  per  million  of  drainage- 
water  be  multiplied  by  *226  (more  exactly  -226268)  the  prodnot  will 
represent  the  amount  of  loss  per  acre,  in  lbs.,  per  inch  of  drainage  of 
that  strength.  Thus,  the  first  entry  in  the  tables,  shows  19*6  Nitrogen 
as  Nitric  Acid,  per  million  drainage-water,  and  we  have  19*6  X  *226  = 
4'43  lbs.  Nitrogen  lost  per  acre,  per  inch  of  drainage  of  that  strengiL 
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Mix.  Feb. 
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9-10  A.M. 
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8  a.m. 
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16,17, 19. 
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n.  r. 

1     n.  r. 

[27-3] 

n.  r. 

n.  r. 
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0 

1-6 

12-8 

13-6 

(  6*2  Ap.  14)  4*6 
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S|« 
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16-8 

16-8 

6*6 

6*6 
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n.  r. 
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14*4 
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19-7 

16*9 
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31*9 

V 
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n.  a. 

n.  r. 
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27-6 
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n.  r. 
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n.  r. 
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4 
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n.  r. 

17-1 

22*9 
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1-2 

18-9 

22*7 

19-1 

19'7 

'    ' 
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2-3 

18-9 

[22*8] 
[20-6] 

21*3 

20*3 

i  i 

4 

1*4 

17-6 

30*7 

21*0 

i  ] 
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n.  r. 

n.  r. 

21*1 

n.  r. 

n.  r. 

2< 

7 

n.  r. 

1     n.r. 
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n.  r. 

n.r. 

1 

0 

n.  r. 

n.  r. 

16*9 

6*6 

6-6 

16 

0 

0-8 

16*5 

16*0 

1             27-0 

21*3 

H 
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I'l 

n.  r. 

16*6 

n.  r. 

n.  r. 

x| 

r. 

n.r. 

1     n.  r. 

33*0 

n.  r. 

n.  r. 

19 

n.  r. 

1     n.r. 
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n.  r. 
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11*7 
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1 

2 
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s 
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980 
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4 

1 
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[10-6] 
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n.  r. 
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6 
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li 
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3-3 

12-3 

9-9 

1            960 

86*2 

7 

7 

16-2 

n.  r. 

21-7 

n.  r. 

n.  r. 

\  k 

m 

n.  r. 

1     n.  r. 

16*1 

n.  r. 

n.  r. 

li 

r. 
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n.  r. 
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1 
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4 

n.  r. 

108 

31 

30 

1 

9 

87 

90 

(28  Apr.  14)  33 

23 

7 

n.  a. 

n.  r. 

98 

28 

28 

■ 

«1 

n.  r. 

[170] 

667 

n.  r. 

9 
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37 
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8 
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MN  as  NiTEATBs,  and  Ohlobikb  (also  Nitbooxn  to  100  Ohlobinb)  in 
rAG»- Waters  from  Broadbalk  Experimental  Wheat-Field,  Bothamstsd. 
PPENDIX  TABLE  11.— continued.    Detbbminations  made  at  Bothakbted. 
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March  2. 
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April  28. 
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•         • 
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n.  r. 

D.  r. 

n.  r. 

n.  r. 

n.  r. 
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n.  r. 
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0.0 

0-0 

0-0 

S-4 

2*9 

n.  r. 

0-1 

0*2 

0*0 

0-0 
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n.  r. 
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n.  r. 
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n.  r. 

n.  r. 
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1-4 
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n.  r. 

trace 

trace 

trace 

trace 

trace 

10-3 
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7*1 
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8*9 

n.  r. 

trace 

trace 

trace 

0-0 

0-1 

0-9 

10*5                n.  r. 

n.  r. 

n.  r. 

n.  r. 

0-3 

0*1 

Chlorine  per  Million  Drainage  Water.                                       | 
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n.  r. 
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n.  r. 

n.  r. 

n.  r. 

n.  r. 
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3-4     - 

n.  r. 
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3-3 
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n.  r. 
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3*9 

2-2 
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3*2 

63-4 

64-6 

33*2 

20*9 

31*0 

17*4 

16*1 

8-7 

149-6 
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n.  r. 

31*8 

n.  r. 

27-7 

28-6 

80*1 
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n.r. 
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n.  r. 
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131*6 

89-0 

64*0 

70*6 

72*6 

67*1 

61*6 

64-0 

134-9 

104-9 

72*4 

76*7 

76-0 

64-0 

67-6 

66*1 

130-7 

98-0 

68*0 

62*8 
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110 
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n.  r. 
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n.  r. 

trace 

74 

66 

n.  r. 

10 

0 

0 

0 

0 

73 

97 

D.  r. 

8 

6 

0 

0 

0 

12 

9 

17 

3 

3 

2 

1 

trace 

10 

11 

n.  r. 

7 

n.  r. 

9 

6 

2 

10 

12 

n.  r. 

n.  r. 

n.  r. 

n.  r. 

33 

13 

1334 

976 

n.  r. 

n.  r. 

n.  r. 

n.  r. 

614 

300 

13 

16 

22 

60 

6 

47 

46 

37 

13 

12 

16 

27 

23 

33 

18 

11 

10 

16 

11 

8 

9 

6 

10 

10 

14 

12 

9 

10 

7 

8 

n.  r. 

n.  r. 

n.  r. 

n.  r. 

n.  r. 

8 

8 

67 

n.  r. 
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n.  r. 

13 

14 

4 

60 

n.  r. 

trace 
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6 

7 

9 

9 

6 

6 

3 

38 

28 

n.  r. 

trace 
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trace 

0 
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n.  r. 

n.  r. 

n.  r. 

n.  r. 

16 
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rmthe  next  dajr,  March  2,  irhen  oulj  a  few  of  ihc  dr&kus  ran. 
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ERMINATIONS  OF  NITROGEN  IN  THE  SOILS  OF 
OME  OF  THE  EXPERIMENTAL  FIELDS  AT  ROTHAM- 
TED,  AND  THE  BEARING  OF  THE  RESULTS  ON  THE 
QUESTION  OF  THE  SOURCES  OF  THE  NITROGEN  OF 
)UR  CROPS. 

5ir  John  Bennst  Lawes,  Bart.,  LL.D.,  F.R.S.,  F.C.S.,  and  Joseph 
Henbt  Gilbert,  Ph.D.,  F.R.S.,  F.C.S.,  F.L.S. 

Introduction. 

just  about  a  centnry  since  the  qaestion  of  the  sources  of  the 
gen  of  vegetation  became  a  snbject  of  experimental  inqairy,  and 
3f  conflicting  opinion.  It  is  nearly  half  a  centnry  since  Bons- 
kult  was  led  by  a  study  of  the  chemistry  of  agricnltnral  prodnc- 
to  see  the  importance  of  determining  the  sonrces  of  the  nitrogen 
dically  available  to  vegetation  over  a  given  area  of  land.  Some- 
•  later  the  Rothamsted  experiments,  now  in  their  fortieth  year, 

commenced,  and  in  their  progress  many  facts  have  been  elicited 
Jig  upon  the  same  snbject.  Still,  almost  from  the  date  of  Boos- 
lult's  first  investigations,  the  question  has  been  one  of  contro- 
r,  and  at  the  present  time  very  conflicting  views  are  entertained 
)cting  it. 

*or  oarselves,  we  have  pointed  ont  how  entirely  inadequate  is  the 
mt  of  combined  nitrogen  coming  down  in  the  measnreable 
ous  deposits  from  the  atmosphere  to  supply  the  nitrogen  of  the 
tation  of  a  given  area.  Other  possible  supplies  of  combined 
>gen  from  the  atmosphere  have  also  been  considered,  and  pro- 
iced  inadequate.  Again,  the  question  whether  or  not  plants 
nilate  the  free  or  uncombined  nitrogen  of  the  atmosphere  has 
.  the  subject  of  laborious  experimental  inquiry,  and  also  of  critical 
ission,  at  Rothamsted.  Finally,  the  question  whether  the  stores 
le  soil  itself  are  an  important  source  of  the  nitrogen  of  our  crops 
frequently  been  considered. 

i  may  at  the  outset  be  frankly  admitted  that  so  long  as  the  facts 
reduction  alone  are  studied,  without  knowledge  of,  or  reference 
he  changes  in  the  stock  of  the  nitrogen  in  the  soil,  it  would  seem 
Qtial  to  assume  that  a  large  proportion  of  the  nitro^^w.  ol  cs^^% 


growing  withont  any  direct  supply  of  it  bj  manure,  most  be  derired, 
in  some  way  or  other,  from  atmospheric  sources. 

The  assumption  which  is  most  in  favour  with  some  prominent 
writers  is,  that  whilst  some  plants  derive  most  or  all  of  their  nitrogen 
from  the  stores  of  the  soil  itself,  or  from  manure  applied  to  it,  others 
derive  a  large  proportion  from  the  free  nitrogen  of  the  atmosphere. 
We,  on  the  other  hand,  whilst  freely  admitting  that  the  facts  of 
production  are  not  conclusively  explained  thereby,  have  maintained 
that  such  collateral  evidence  as  the  determinations  of  nitrogen  in  our 
soils  afford,  is  in  favour  of  the  supposition  that  the  soil  may  be  the 
source  of  the  otherwise  unexplained  supply  of  nitrogen.  This  latter 
conclusion  we  have  frequently  stated  in  general  terms ;  but  we  hare 
not  hitherto  published  the  numerical  results  upon  which  it  is  based. 
Fairly  enough,  it  has  been  objected  that  such  an  important  conclusion 
cannot  be  accepted  without  the  numerical  evidence  to  support  it. 
Further,  erroneously  interpreting  our  statements,  calculations  hate 
been  made  to  show  that  it  is  quite  beyond  the  reach  of  present 
methods  of  determination  of  nitrogen  in  soils  to  afford  resulti 
justifying  the  conclusions  we  have  drawn. 

Since  this  subject  of  the  sources  of  the  nitrogen  of  onr  cropi 
has  been  much  discussed  in  America,  it  has  been  thought  that  it 
would  not  be  inappropriate  to  answer  the  challenge  by  bringing  for- 
ward some  of  the  numerical  evidence  we  have  accumulated  before 
this  meeting  of  the  American  Association  for  the  Advancement  of 
Science,  and  to  do  this  is  the  object  of  the  present  communication. 

Before  calling  attention  to  the  special  results  in  question,  it  will 
be  necessary,  in  order  to  convey  a  clear  idea  of  the  problem  to  be 
solved,  to  recapitulate  some  of  the  important  facts  which  have  been 
established  as  to  the  amount  of  nitrogen  yielded  over  a  given  area  bj 
different  crops. 

In  his  original  inquiries,  Boussingault  estimated  the  amounts  of 
nitrogen  supplied  by  manure,  and  removed  in  the  crops,  in  ordiniry 
agricultural  practice.  This  mode  of  estimate  is  also  the  one  geneiallf 
adopted  by  others,  and  we  have  ourselves  not  neglected  it.  But  it  if 
obvious  that  the  results  of  experiments  in  which  different  crops  have 
been  grown  for  very  many  years  in  succession  on  the  same  land,  botii 
separately  and  in  an  actual  course  of  rotation,  and  both  without  nitro- 
genous manure  and  with  known  quantities  of  such  manure,  mut 
afford  very  important  data  as  to  the  amounts  of  nitrogen  available  to 
vegetation,  from  soil  and  atmosphere,  over  a  given  area.  The 
Bothamsted  field  experiments  are  pre-eminently  adapted  to  provide 
such  data.     Thus,  wheat  has  now  been  grown  for  thirty-niiie  jmn 


in  saccession  on  the  same  land ;  barley  for  thirty-one  years ;  wheat  in 
alternation  with  fallow  thirty-one  years  ;  beans  for  nearly  thirty 
years  ;  clover  for  many  years ;  turnips,  sngar-beet,  or  mangels,  nearly 
forty  years ;  whilst  experiments  on  the  mixed  herbage  of  grass  land 
liave  been  continued  for  twenty-seyen  years,  and  on  an  actual  course 
of  rotation  for  thirty- five  years.  We  have,  from  time  to  time,  pub- 
lished what  we  may  call  the  nitrogen  statistics  of  the  crops  so  grown ; 
and  we  have  compared  these  facts  of  production  with  what  is  known 
of  the  sources  of  nitrogen  available  to  the  crops. 


Yield  of  Nitrogen  in  Different  Crops. 

The  following  table  (I)  shows  the  yield  of  nitrogen  per  acre  per 
annum,  in  wheat,  barley,  root-crops,  beans,  clover,  and  in  ordinary 
rotation,  in  each  case  without  any  nitrogenous  manure.  It  will  be 
observed  that  only  in  the  case  of  the  root-crops  is  the  record  brought 
down  to  a  later  date  than  1875.  Independently  of  the  fact  that  the 
requisite  nitrogen  determinations  are  not  yet  completed  for  the  subse- 
quent period,  it  has  been  decided  that,  owing  to  the  number  of  very 
exceptionally  unfavourable  seasons  for  corn  crops  which  have  occurred 
since  1875,  it  would  be  fallacious  to  bring  the  results  for  those  crops 
in  the  later  seasons  as  illustrating  the  falling  off  of  yield  due  to  soil 
exhaustion. 
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Table  I. 

Yield  of  Nitrogen  per  acre  per  annum  in  various  Crops  grown  at  Botham- 

stedy  without  Nitrogenous  Manure. 


Crops,  Ac. 


Wheat.. .. 


Barley  ....«< 
I 


Boot-crops  •< 


Beans  . . .  •  ^ 


Clover 


•  •  * .  ^ 


Barley 1 

Clover ....  J 

Barley 


Botation . .  •< 
7  courses. . 


Condition  of  Manuring,  Ac. 


Unxnanured 


Complex  mineral  manure. 


Unmanured 


Complex  mineral  manure. 


■{ 
{ 
{ 


Complex  mineral 
manure 


Turnips . . . 
(Barley)  . . 
Turnips . . . 
Sugar  beet 
Mangels  . . 
Total 


Unmanured 


Complex  mineral  manure 


{ 
( 


Unmanured 

Complex  mineral  manure 


Unmanured 


{ 


Unmanured....  {^J^J^^«y;; 

Barley  after  clover  more  thani 
after  barley j 


1.  Turnips 

2.  Barlev 

3.  Clover  or  beans 

4.  Wheat 


Unmanured  . 
[^Superphos-  1 
I      phate   ..  J 


Dontion  of  Experi- 
ment. 


I 


Average 
■Nitrogen  par 
Acre  per 
aanom. 


8  years,  1844-*51 
12  years,  1852 -'63 
12  yean,  1864-75 
24  years,  1852-'75 
32  years,  1844-75 

12  years,  1852-'63 
12  years,  1864-75 
24  years,  1852-75 

12  years,  1852-'63 
12  Tears,  1864-75 
24  years,  1852-75 

12  years,  1852-*63 
12  years,  1864-75 
24  years,  1852-75 


8  years, 
3  years, 

15  years, 
5  years, 
5  years, 

36  years, 


1845-»52 

1853-'55 

1856-70* 

1871-75 

1876-'80 

1845-'80 


12  years.  1847-*58 
12  years,  185d-70t 
24  years,  1847-70 

12  years,  1847  '58 
12  years,  1859-70t 
24  years,  1847-70 

22  years,  1840-701 
22  years,  1840-70^ 

1  year,  1873 
1  year,  1873 

1  year,  1874 
1  year,  1874 


28  years,  1848-75 
28  years,  1847-75 


^    «.    w  ueab J 

•  Thirteen  years'  crop,  two  years  failed. 

t  Nine  years'  beans,  one  year  wheat,  two  years*  fallow. 

j,  Six  years'  clover,  one  year  wheat,  throe  years'  barley,  twelve 


lbs. 
25-2 
22-6 
15*9 
19-3 
20  7 

27-0 
17  a 
22  1 

22  0 
14-6 
18-3 

26-0 

18*8 
22-4 

42  0 
(24-3) 
18-5 
13  1 
15*5 
25*2 

48  1 
14-6 
31-3 

61-5 
29  5 
45-5 

30-5 
39-3 

37  8 
151-3 

39-1 
69*4 

30-3 


86-8 
45-2 


&Dow. 


Yield  of  Nitrogen  in  Wheat  and  Barley. 

The  first  series  of  results  relates  to  the  jrield  of  nitrogen  in  wheat 
gpx>wn  thirty-two  years  in  succession  on  the  same  land  without 
manure.  It  is  seen  that,  over  the  first  eight  years,  the  yield  was 
25*2  pounds  of  nitrogen  per  acre  per  annum,  over  the  next  twelve 
years  22*6  pounds,  and  over  the  last  twelve  of  the  thirty-two  years 
only  15'9.  There  has  thus  been  a  considerable  reduction  in  the 
annnal  yield  of  nitrogen  over  each  succeeding  period ;  and  for  the 
third  period  of  twelve  years  the  average  is  less  than  two- thirds  as 
much  as  for  the  first  period  of  eight  years. 

Excluding  the  first  eight  years  of  the  growth  of  wheat,  the 
average  annual  yield  of  nitrogen  over  the  next  twenty-four  years 
was  19*3  pounds  per  acre  per  annum ;  and  the  table  shows  that  over 
the  same  twenty-four  years,  barley  without  manure  yielded  18*3 
pounds ;  and  whilst  with  the  wheat  the  decline  in  yield  was  from 
22*6  pounds  over  the  first  twelve  of  the  twenty-four  years  to  15*9 
over  the  second  twelve,  it  was  with  the  barley  from  22*0  to  14'6 
pounds,  or  almost  in  the  same  proportion. 

It  might  be  objected  that  here  the  evidence  is  not  conclusive  that 
the  falling  off  is  due  to  the  gradual  reduction  in  the  amount  of 
nitrogen  annually  available  from  the  soil.  But  the  results  with  the 
two  crops,  where  there  is  a  liberal  supply  of  mineral  constituents 
every  year,  exclude  the  supposition  that  the  decline  is  due  to  the 
exhaustion  of  mineral  constituents.  Thus,  over  the  same  twenty- 
four  years,  with  a  complex  mineral  manure,  such  as  is  very  effective 
in  conjunction  with  artificial  supply  of  nitrogen  to  the  soil,  the  yield 
of  nitrogen  in  the  wheat  falls  off  from  27*0  pounds  per  acre  per 
annum  over  the  first  twelve  years,  to  17*2  pounds  over  the  second 
twelve  years ;  and  in  the  barley,  over  the  same  two  periods,  it  declines 
from  260  to  18*8  pounds. 

The  similarity  in  the  actual  yield,  and  in  the  rate  of  decline 
of  yield,  of  nitrogen  over  the  same  periods  in  these  two  closely  allied 
crops,  though  growing  in  different  fields,  and  with  somewhat  different 
previous  manurial  history,  is  very  striking.  The  slightly  higher 
yield  in  both  cases  with  than  without  the  mineral  manure  is  doubtless 
due  to  more  complete  utilisation  of  the  previous  accumulations 
within  the  soil,  and  not  to  increased  assimilation  from  atmospheric 
sources. 

Yield  of  Nitrogen  in  Boot-crops. 

We  now  oome  to  the  yield  of  nitrogen  by  plants  of  other  natural 
families,  and  the  first  of  such  results  relate  \j^  t\v^  ^q-c»^^^  ^"^  ^c^^V 
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crops" — turnips  of  the  natural  order  CrnciferflB,  and  sugar-beet,  and 
mangel-wurzel  of  the  order  ChenopodiacesB.  The  table  records  the 
results  for  thirty-six  years  in  succession,  1845-18S0 ;  but  it  should  be 
stated  that  during  three  of  those  years  barley  was  interposed  without 
any  manure,  in  order,  as  far  as  possible,  to  equalise  the  condition  of 
the  land  before  re-arranging  the  manuring;  and  during  two  other 
years  the  turnips  failed,  and  there  was  no  crop.  It  should  be  further 
explained  that,  without  manure  of  any  kind,  root-crops,  after  a  few 
years,  give  scarcely  any  produce  at  all,  and  hence  the  results  selected, 
and  recorded  in  the  table,  are  those  obtained  by  the  use  of  mineral 
manures,  but  without  any  supply  of  nitrogen. 

During  the  first  eight  years  (four  years  Norfolk  whites  and  four 
years  Swedes),  the  turnips  gave  an  average  of  42  pounds  of  nitrogen 
per  acre  per  annum,  or  very  much  more  than  either  of  the  cereal 
crops.  During  the  next  three  years  barley  (without  manure)  yielded 
24*3  pounds,  or  even  somewhat  less  than  the  yield  in  wheat  or  barley 
with  mineral  manures  in  the  earlier  years  of  their  continuous  growth. 
During  the  next  fifteen  years  (thirteen  with  Swedish  turnips  and  two 
without  any  crop),  the  yield  was  reduced  to  18*5  pounds ;  during  the 
next  five  years,  with  sugar-beet,  to  13' 1  pounds  ;  and  during  the  last 
five  years,  to  1880  inclusive  (with  mangel-wurzel),  to  15*4  pounds. 
Lastly,  over  the  whole  thirty-six  years,  the  average  annual  yield  of 
nitrogen  was  25 '2  pounds. 

Here,  then,  compared  with  wheat  or  barley,  we  have  with  the 
K)ot-crops,  the  growth  of  which  extends  much  further  into  the 
autumn  months,  a  much  higher  annual  yield  of  nitrogen  in  the  earlier 
years,  and  with  this  a  much  more  rapid  rate  of  decline  subseqnentlj, 
the  annual  yield  over  the  last  ten  years  being  only  about  one-third  as 
much  as  over  the  first  eight  years ;  whilst  the  yield  in  the  later  years 
is  actually  less  than  in  either  wheat  or  barley  with  the  same  complex 
mineral  manure.  Hei*e,  again,  the  marked  decline  in  the  yield  of 
nitrogen,  with  liberal  mineral  manuring,  points  to  a  deficiency  in  the 
available  supply  of  nitrogen  itself  as  the  cause  of  the  deficient  assimi- 
lation of  it  by  the  crop. 

It  may  here  be  observed,  that  those  who  maintain  that  the  atmo- 
sphere is  an  important  source  of  the  nitrogen  of  our  crops  assume 
that  the  root-crops,  if  provided  with  a  small  quantity  of  nitrogenoos 
manure  to  favour  the  early  development  of  the  plant,  will  obtain  the 
remainder  from  the  atmosphere.  How  far  this  is  the  case  maybe 
illustrated  by  the  following  results,  which  are  the  average  of  ^y^ 
years'  successive  growth  of  mangel-wurzel  on  the  same  plots,  and  is 
each  ease  with  the  same  TuoinxTe  ^ear  after  year. 
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Table  II. 
Average  produce  of  Mangel-wurzel ^ve  years,  1876 — 1880. 


1.  Superphosphate  of  lime,  and  sulphate  potaesinm  . . 

2.  As  1,  and  36|  lbs.  ammonium  salts  (<»  7*8  lbs.  N)  . 

3.  As  1,  and  400  lbs.  ammonium  salts  (=86  lbs.  N)  . 


Roots. 


Leayes. 


Tons. 

CTft. 

Tons. 

Cwt. 

4 

10 

1 

0 

6 

0 

1 

6 

14 

0 

2 

16 

Thus,  the  annual  application  of  abont  7*8  poands  of  nitrogen,  as 
anunoninm  salts,  has  increased  the  crop  of  roots  bj  only  30  cwts.  per 
acre  per  annum  ;  and  the  increased  yield  of  nitrogen  in  the  crop  was 
eyen  somewhat  less  than  the  amount  supplied  in  the  manure.  An 
application  of  86  pounds  of  nitrogen  has,  however,  increased  the  crop  by 
160  cwts.  more.  It  is  obvious  from  these  facts,  that  the  small  application 
of  nitrogen  did  not  enable  the  plant  to  take  up  any  from  atmospherio 
sources,  and  that  it  required  further  direct  supply  of  nitrogen  to 
obtain  further  increase  of  crop.  These  results  obviously  afford  con- 
firmation of  the  view  that  it  was  a  reduction  of  the  available  supply 
of  nitrogen  within  the  soil  that  was  the  cause  of  the  decline  in  the 
annual  yield  of  the  crop,  and  of  the  amount  of  nitrogen  contained 
in  it. 


Yield  of  Nitrogen  in  Leguminous  Crops. 

We  next  come  to  the  consideration  of  the  yield  of  nitrogen  in 
crops  of  the  leguminous  family,  when  these  are  grown  separately, 
year  after  year,  on  the  same  land.  Plants  of  this  family  are  said  to 
rely  almost  exclusively  on  atmospheric  sources  for  their  nitrogen. 

Table  I  shows  that,  without  manure,  beans  gave  over  the  first 
twelve  years  an  annual  yield  of  48*1  pounds  of  nitrogen,  but  over  the 
second  twelve  only  14*6  pounds.  Over  the  first  period,  therefore,  the 
yield  was  about  twice  as  much  as  in  either  wheat  or  barley,  and  more 
even  than  with  the  roots.  But  with  this  greater  yield  in  the  earlier 
years,  the  reduction  is  proportionally  much  greater  over  the  second 
period ;  the  yield  then  coming  down  to  less  than  one-third,  and  to 
much  the  same  as  in  the  later  periods  with  the  other  crops.  Over 
the  whole  period  of  twenty-four  years,  however,  there  was  an  annual 
yield  of  31*3  pounds  of  nitrogen,  or  more  than  one  and  a  half  time  as 
tnach  as  in  either  wheat  or  barley,  and  more  than  in  the  roots. 

It  was  seen  that  in  the  case  of  the  cereal  croigiA  tV\.«  ts^*^  tdxins^t^ 
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mamire  increased  the  yield  of  nitrogen  but  little.  Not  60  in  tlie  ewe 
of  the  Icgominona  crop,  beans.  Dnriiig  the  first  twplce  year*.  Ibe 
eomplex  mineral  manure  (containing  a,  large  amount  of  putotli) 
yielded  61*5  pounds  of  nitrogen  per  acre  per  onuam,  against  161 
ponnda  without  raanarc.  Daring  the  neit  twelve  years,  the  minenl 
manure  gave  29'5  pounds,  against  only  14't)  pounds  wilhont  manore. 
During  the  wiiole  period  of  twenty-four  years,  tbe  potash  manaw 
yielded  45'5  pounda  of  nitrogen  per  acre  per  anuam,  agaiail 
31-3  pounds  without  manure.  Lastly,  with  the  miied  mineral  manure 
beans  have  yielded  over  a  period  of  twenty-four  yeara  more  tbwi 
twice  as  much  nitrogen  per  acre  as  either  wheat  or  barley. 

But  notwithstanding  that  the  beaua  have  for  a  long  Beries  of  jem 
yielded  ao  very  much  more  nitrogen  over  a  given  area  than,  eitberof 
the  gramineouB  crops,  and  mnch  moie  also  than  the  root-cropE,  At 
significant  fact  cannot  fail  to  be  observed  that  this  crop  of  the  lego- 
minoua  family,  which  is  supposed  to  rely  almost  eiclnsiTely  on  iht 
atmosphere  for  its  nitrogen,  has  declined  in  yield  as  strik-ingly  as  th« 
other  cropH,  even  when  grown  by  a  complex  mieei'al  manui'B,  coo- 
taining  a  large  amount  of  potash.  Why  should  this  be  so  if  tlM 
supply  of  nitrogen  ia  from  the  atmosphere  and  not  from  the  soil  ? 

The  results  next  recorded  relate  to  red  clover,  and  the  poriodof 
experiment  was  twenty-two  years.  It  is  well  known  that  on  nw* 
soils  a  good  crop  of  clover  cannot  be  relied  upon  oftener  than  once  is 
about  eight  years,  and  on  many  soils  not  so  fi-eqnently.  It  will  nol 
excite  surprise,  therefore,  that  in  the  course  of  the  twenty-two  jeta 
of  eiperiraent,  in  only  six  was  any  crop  of  clover  obtained,  and  in 
some  of  those  only  poor  ones.  Indeed,  the  plant  failed  nine  tim«  <»* 
of  ten  during  the  winter  and  spring  succeeding  the  sowing  of  (l» 
seed.  In  one  year  a  crop  of  wheat,  and  in  three  years  bvley,  «■ 
taken  instead  ;  whilst  in  the  remaining  twelve  years  tfaw  land  WM  left 
fallow  after  the  failure  of  the  clover.  Still  the  anniml  ywld  o( 
nitrogen  over  the  twenty-two  years  waa  305  pounds  without  XOJ 
manure,  and  .*iy-8  pounds  by  a  complex  mineral  mnDure  containinf 
potash.  Unfavounihlo  as  is  this  result  in  an  ugricultn«l  point  of 
■new.  It  IS  still  seen  that  the  interpolation  of  thb  legnniinouB  crop  " 

greatly  increased  the  yield  of  nitrogen   compared  with  that  in  i-il 

wheat  or  barley  grown  continuously ;  and  here  again,  m  with  beao^  a 
potash  manure  has  considei-ably  increased  the  yield. 

The  next  experiment  affords  a  still  moi'e  striking  illmitnUian  of  ihi 
large  amount  of  nitrogen  that  may  be  taken  up  in  a  cWer  oupi  ' 
it  further  illustrates  the  fact,  well  known  is  aftncaltin.  that  Ifcl 
removal  of  this  highly  mtro<.„„„,,-  1,^ i„^„.  Jl  i_  „.!!.  ^  -^ 
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possible  preparations  for  the  growth  of  a  cereal  crop,  which  charac- 
teristically requires  nitrogenons  manuring.  A  field  which  had  grown 
six  corn  crops  in  succession,  by  artificial  manures  alone,  was  then 
divided,  and  (in  1873)  on  one  half  barley,  and  on  the  other  half 
clover,  was  grown.  The  barley  yielded  37*3  pounds  of  nitrogen  per 
acre ;  but  the  three  cuttings  of  clover  yielded  151*3  pounds.  In  the 
next  year  (1874)  barley  was  grown  on  both  portions  of  the  field. 
Where  barley  had  previously  been  grown,  and  had  yielded  37*3  pounds 
of  nitrogen  per  acre,  it  now  yielded  39*1  pounds;  but  where  the 
clover  had  previously  been  grown,  and  had  yielded  151*3  pounds  of 
nitrogen,  the  barley  succeeding  it  gave  69*4  pounds,  or  30*3  pounds 
more  nitrogen  afber  the  removal  of  151*3  pounds  in  clover  than  after 
the  removal  of  only  37*3  pounds  in  barley.  It  will  be  seen  further  on 
that  this  result  was  not  in  any  way  accidental. 


Yield  of  Nitrogen  by  a  Rotation  of  Crops. 

The  last  results  recorded  in  the  table  relate  to  the  yield  of  nitrogen 
in  an  ordinary  four-course  rotation  of — turnips,  barley,  clover  or 
beans,  and  wheat.  The  average  yield  per  annum  is  given  for  seven 
oonrses,  or  for  a  period  of  twenty-eight  years ;  in  one  case  without  any 
manure  during  the  whole  of  that  time,  and  in  the  other  with  super- 
phosphate of  lime  alone,  applied  once  every  four  years,  that  is,  for  the 
tamips  commencing  each  course. 

Here,  with  a  turnip  crop,  and  a  leguminous  crop,  interpolated  with 
two  cereal  crops,  we  have,  without  manure  of  any  kind,  an  average  of 
86*8  pounds  of  nitrogen  per  acre  per  annum,  or  very  much  more  than 
waa  obtained  in  either  of  the  cereal  crops  grown  consecutively.  With 
saperphosphate  of  lime  alone,  which  much  increased  the  yield  of 
nitrogen  in  the  turnips,  reduced  it  in  the  succeeding  barley,  increased 
it  greatly  in  the  leguminous  crops,  and  slightly  in  the  wheat  suc- 
ceeding them,  the  average  annual  yield  of  nitrogen  is  increased  to 
45*2  pounds,  or  to  about  double  that  obtained  in  either  wheat  or 
barley  grown  consecutively  by  a  complete  mineral  manure.  On  this 
point  it  may  be  further  remarked  that  in  adjoining  experiments,  in 
which,  instead  of  a  leguminous  crop,  the  land  was  fallowed  in  the 
third  year  of  each  course,  the  total  yield  of  nitrogen  in  the  rotation 
was  very  much  less.  In  other  words,  the  removal  of  the  most  highly 
nitrogenous  crops  of  the  rotation— clover  or  beans — was  succeeded  by 
a  growth  of  wheat,  and  an  assimilation  of  nitrogen  by  it,  almost  as 
great  as  when  it  succeeded  a  year  of  fallow  ;  that  is,  &  period  of  some 
accumulation  by  rain,  A;c.,  and  of  no  removal  by  crops. 
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Yield  of  Nitrogen  in  the  Mixed  Hsrhage  u/  Orau  LanJ. 

Another  illustration  of  the  amonntH  of  uitrogen  remoTfid  fwi  t 
given  area  of  land  by  difierent  descriptions  of  trop  will  be  fonnd  in 
Table  III,  which  ehnws  the  results  obtained   when  plaoM  tf  tie 

as,  the  leguminfiUB,  and  other  families,  are  (frown  togotliw, 

ccd  herbnge  o!  grass  land. 


Table  III. 

Yield  of  Nitrogen  on  the  Mixed  Herbage  of  Permanent  Orau  U»d   ^ 

at  Rnthameled. 


ConJitiona 

of 
Msnuring, 

AvM»g(i  Produce  per  aere 
pur    annum,    30    jean, 
18S6-1875.  iicoording   to 

twrwwnu    ■ 

PlDta. 

period.,    1863.    '67.   71, 
'78,  'li.  "75. 

HJ6&. 

187a. 

J 

aea. 

r.ogiinii- 

Olh^r 
Ora«r.. 

m 

■J 

■1-1 

7 

DninftDured 

SuperphoapbntB". .  . . 
Cumplex  Miu,  Mna.i 
CompW  Min.  Man.I 

lb.. 
1639 
1671 

E57S 

lb«. 
119 

MS 

29e 

8(.i6 

Ib». 
SS9 
673 
639 
&73 

lb,. 
35  I 
35-7 

56-2 

11»- 

SI -5 
ail 
66  0 

46  S 

Before  referring  to  tli©  fignrea,  attenti<)n  Hhoold  bo  c&livi  to  ihe 
fact  that  gramineous  ci-opB  grown  separately  on  arable  l&itd,  snrh  M 
wheat,  barley,  or  oats,  contain  a  comparatively  low  perceut^^  of 
nitrogen,  and  aseimilate  a  compamtively  small  amount  u{  tt  iivrr  t 
given  area.  Yet  nitro^enons  manures  have  generally  »  very  •Lriking 
effect  ill  increasing  Ihe  growth  of  sneh  crops.  The  highly  iiitm- 
genons  leguminous  crops,  on  the  other  hand,  such  as  bcuu  u^ 
clover,  yield,  as  has  been  seen,  rery  niiiuh  more  nitrogon  over  » 
given  area:  yet  they  are  by  no  means  charade riEtically  benefited  bf 
nitrogeaoaa  manuring,  but  their  growth  is  considerably  mercw»i 
and  they  yield  considerably  more  nitrogen  ovet  a  given  an*.  uaiUr 
the  influence  of  parely  mineral  mannreB,  and   I'spt-oiullj  of  [ 


*  Mean  of  four  aeparnti 
t  iDoluding  poloth,  ni 
1R75- 

X  IndurlJTii;  potuh,  20  yoan.  1BS8'1B7B. 


onl;,  mmelj.  1S62, 1867,  IH7Z,  and  t97t. 
>an,  I6S6-I86I1  without  potuh,  HjjMt.l 
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manures.     Bearing  these  facts  in  mind,  the  results  given  in  the  table 
will  be  seen  to  be  quite  consistent. 

The  first  three  columns  in  the  table  show,  approximately,  how 
the  mixed  herbage  was  made  up  under  the  four  different  conditions 
of  manuring.  It  will  be  observed  that,  without  manure,  and  with 
superphosphate  of  lime  alone,  both  the  proportion  and  the  amoimt  of 
the  different  descriptions  of  herbage  are  much  the  same.  Plot  8, 
with  a  complex  mineral  manure,  including  potash  the  first  six  years, 
but  excluding  it  the  next  fourteen  years,  gave  a  considerable  increase 
of  both  gframineous  and  leguminous  herbage ;  whilst  plot  7,  with  a 
€K)mplex  mineral  manure,  including  potash  every  year  of  the  twenty, 
there  is  a  still  farther  increase  of  gramineous  herbage,  but  a  very 
much  greater  proportional  increase  of  leguminous  herbage. 

It  will  be  observed  how  much  greater  is  the  increase  of  gramineous 
produce  by  the  application  of  purely  mineral  manures  to  this  mixed 
herbage  than  in  the  case  of  gramineous  crops  grown  separately.  It 
is  a  question  how  far  this  is  due  to  the  mineral  manures  enabling 
the  grasses  to  form  much  more  stem  and  seed,  that  is,  the  better 
to  mature,  which  in  fact  they  do ;  how  far  to  their  favouring  more 
active  nitrification  in  the  more  highly  nitrogenous  permanent  mixed 
herbage  soil ;  or  how  far  to  an  increased  amount  of  combined  nitrogen 
in  a  condition  available  for  the  grasses  in  the  upper  layers  of  the 
soil,  as  the  result  of  the  increased  growth  of  the  Leguminosse  in  the 
first  instance,  induced  by  the  potash  manure,  as  in  the  case  of  the 
alternation  of  clover  and  barley,  and  as  in  the  actual  course  of 
rotation  P 

To  turn  to  the  yield  of  nitrogen  on  the  different  plots  of  the 
mixed  herbage,  it  will  be  seen  that  the  amounts  are  almost  identical 
without  manure,  and  with  superphosphate  of  lime  alone,  about 
33  pounds  per  acre  per  annum.  On  plot  8,  where  a  complex  mineral 
manure,  including  potash  six  years,  but  excluding  potash  fourteen 
years,  was  employed,  the  amount  is  raised  to  46*3  pounds ;  and  on 
plot  7,  which  received  the  mixed  mineral  manure,  including  potash 
every  year  of  the  twenty,  the  yield  is  55*6  pounds  per  acre  per  annum. 
Further,  without  manure,  and  with  superphosphate  of  lime  alone, 
there  was  a  decline  in  the  yield  of  nitrogen  in  the  later,  compared 
with  the  earlier  years.  With  the  mineral  manure,  including  potash 
in  the  first  six  years  only,  there  was  a  much  more  marked  decline. 
With  the  mineral  manure,  including  potash  every  year,  there  was, 
on  the  other  hand,  even  a  slight  tendency  to  an  increased  yield  of 
nitrogen  in  the  later  years. 


Yield  of  Nitrogen  in  MeUlohu  Leveanlha. 

One  more  striking  illustratios  of  high  yield  of  nitrtif^  by  ■ 
plant  of  the  legTiniinotts  family,  this  timo  on  soil  which  bad  an 
received  auy  nitrogeaouB  manai«  for  nearly  thirty  ye&TB,  moat  te 
piven.  In  1878,  the  land  upon  which  att«mptfi  had  been  nukde  (• 
grow  red  clover  in  frequent  saccession  since  1849,  wiw  deroted  !• 
experiments  with  fonrittn  different  descriptions  of  leg'amiDoiiii  plaab; 
BO  that  the  present  season,  1882,  is  the  fifth  year  of  the  t^iperimenta. 
The  object  was  to  ascertain  whether,  among  a  Bcloction  of  pbuits,  all  of 
the  leguminons  family,  but  of  different  habits  of  growth,  and  eapediillT 
of  different  chai'acter  and  range  of  roote,  some  coald  be  grown 
folly  for  a  longer  time,  and  would  yield  more  produce,  containiit; 
more  nitrogen  aa  well  aa  other  constituents,  than  others  i  all  imwf 
supplied  with  the  same  descriptions  and  ijnantities  of  tnanonng  nl>- 
stances,  applied  to  the  surface  Boil.  Further,  whether  the  suoccm  in 
some  ca»es  and  the  failure  in  others,  would  afford  addilional  DVidenar 
as  to  the  source  of  the  nitrogen  of  the  LegaminosO!  genemUy,  anJ  M 
to  the  causes  of  the  failure  of  red  ulover  in  particular,  when  it  ii 
grown  too  frequently  on  the  same  land.  Fourteen  different  dtMoip- 
tioDS  of  plants  were  selected,  and,  after  two  or  three  imraattvisl 
changes,  the  list  at  the  present  timo  includes  eight  species  or  vsrielia 
of  TrifoUiim,  two  of  Medicago,  Melilotut  leiicanthaj  LotUM  eomiailabit, 
Vicia  ealira,  and  Ouobryckig  snUva. 

Of  the  numerous  species  or  YOrieties  of  Tn'/tiUum,  all  gxn  IibI 
meagre  produce,  excepting  T.  incarnatuiit.  The  Lotus  Mn-niAiiafM 
also  gave  very  small  produce.  The  two  speoies  of  Afrdtc<iyo,  the  bbck 
Medick,  and  the  purple  Mtdiek  or  Lucerne,  and  the  OfUifrrycAu,  or 
common  Sainfoin,  gave  much  more ;  (he  Fr'ciu  mitiva  or  oommoo 
vetch,  more  still.  But  of  all,  the  Mrlilulun  leucanlha,  or  Boldon 
clover,  has  yielded  the  most.  It  is  estimated  that,  taking  Hm  ttxvn^ 
of  four  years,  1878-81,  it  yielded  abont  70  poanda  of  iUtrDB«n  JUT 
acre  per  annum,  on  plots  which  have  received  no  nitrogonoiu  DUiat* 
for  more  than  thirty  years;  whilst  the  produce  of  the  fifth 
1882,  ia  heavier  than  in  either  of  the  preceding  years  ;  aad  it 
mated  to  contain  about  150  pounds  of  nitrogen.  In  fact,  is  the 
second,  as  well  aa  in  the  fifth  year,  the  melilolu*  yielded  ooncidmblt 
more  than  100  pounds  of  nitrogen  per  acre;  and  on  tha  anni^  of 
the  five  years  it  has  yielded  between  80  and  90  poands  mr  un>  oo 
this  nitrogen-eihanstcd  soil. 

Huw  long  this  very  Ininriant  growtli,  and   this  vety  high  jiiH  rf 
nitrogen  per  acre,  will  continue. 
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On  tliis  point  it  may  be  observed  that,  in  parts  of  the  continent  of 
£arope  where  some  of  the  very  free-growing  and  deep-rooted  Legu- 
minosffi  are  cultivated,  it  is  nsaal  to  let  them  grow  for  several  years, 
after  which  they  cSannot  be  repeated  for  twenty  years  or  more.  We 
shall  recur  to  the  results  above  quoted  further  on. 

Summary  of  Yield  op  Nitbooen  in  Crops. 

The  foregoing  facts  of  production,  showing  the  yield  of  nitrogen 
in  difiPerent  crops  grown  without  nitrogenous  manure,  generally  for 
▼erj  many  years  in  succession  on  the  same  land,  may  be  briefly 
ranuned  up  as  follows  : 

The  average  yield  of  nitrogen  per  acre  per  annum,  was,  with 
wheat,  thirty-two  years  without  manure,  20*7  pounds,  and  twenty-four 
years  with  a  complex  mineral  manure,  22*1  pounds ;  with  barley, 
twenty-four  years  without  manure,  18*3  pounds,  and  twenty- four  years, 
with  a  complex  mineral  manure,  22'4  pounds ;  with  root-crops,  thirty- 
six  years  (including  three  of  barley),  with  a  complex  mineral  manure, 
25*2  pounds;  with  beans,  twenty-four  years  without  manure,  31*3 
pounds,  and  twenty-four  years  with  a  complex  mineral  manure,  45*5  ; 
with  clover,  six  crops  in  twenty- two  years,  with  one  crop  of  wheat,  three 
crops  barley,  and  twelve  years  fallow,  without  manure,  30*5  poands ; 
with  complex  mineral  manure,  39*8  pounds ;  with  clover,  on  land  which 
had  not  grown  the  crop  for  very  many  years,  one  year,  151*3  pounds; 
with  a  rotation  of  crops,  seven  courses,  twenty- eight  years,  without 
manure,  36*8  pounds,  and  with  superphosphate  of  lime,  45'2  pounds ; 
with  the  mixed  herbage  of  grass  land,  twenty  years  without  manure, 
33  pounds,  and  with  complex  mineral  manure,  including  potash,  55*6 ; 
lastly,  with  Bokhara  clover,  five  years,  with  mineral  manure,  between 
80  and  90  pounds  of  nitrogen  per  acre  per  annum. 

The  root-crops  yielded  more  nitrogen  than  the  cereal  crops,  and 
the  leguminous  crops  very  much  more  still. 

In  all  the  cases  of  the  experiments  on  ordinary  arable  land — 
whether  with  cereal  crops,  root-crops,  leguminous  crops,  or  a  rota- 
tion of  crops  (excepting  as  yet  the  Bokhara  clover) — the  decline  in 
the  annual  yield  of  nitrogen^  none  heiiig  supplied  by  manure^  was  very 
great. 

Sources  of  the  Nitrogen  op  Crops. 

We  must  next  consider  whence  comes  the  nitrogen  of  the  crops, 
and  especially  whence  comes  the  much  larger  amount  taken  up  by 
plants  of  the  leguminous,   and   some   other  families,  than  by  the 
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larger  quantity  o 
qneiitly ;  hut  even  in  hit 
Hnsbandrj,"  published  i 
pounds  of  nitrogen  per  ao 
from  that  source.     Such  i 


OraminoR.  Lastly,  what  is  the  sigmficance  of  the  great  decline  is  tb 
yield  oi  nitrogen  in  all  the  crops  grovrn  on  arable  land  when  ui™^  c 
supplied  in  the  manui-e  ? 

Combined  Nitrogen  in  Rain,  ^t. 
It  has  been  asBumed  by  some  that  the  amount  of  combined  oitnpo 
annually  coming  down  in  the  measured  aqneoos  deposits  from  iV 
atmosphere  ia  sufEcient  for  all  the  requirements  of  annual  growih.  Ii 
Liebig'a  earlier  writings  he   asanmed  the   pi-obability  of  n  very  tni 
a  coming  down  in.  rain  than  he  did  soli 
more  recent  work,  "  The  Xatnral  Iaitic' 
.  18ij3,  he  supposes   that  aa    mnch  i 
;re  may  he  annually  available  to  vej^etUio 
1  amount  would,  it  is  obviotu,  do  jaiiA 
towards  meeting  the  requirements  of  many  of  the  crops  the  nitoPget 
statistics  of  which  have  been  gicen. 

The  earliest  considerable  series  of  determinations  of  the  amoant  ot 
ammonia  coming  down  in  rain  in  the  open  country  were  by  Boi 
gault,  in  Alsace.  Ho  gives  the  amount  of  ammonia  per  million  <i 
rain-water  in  each  fall  for  a  period  of  between  five  and  biz  nuuitlui 
May-October,  1852  ;  but  he  does  not  calculate  the  amount  so  cDmiD| 
down  over  a,  given  area  of  land.  His  average  amoant  per  oiilhaa 
was,  however,  somewhat  less  than  that  found  at  Rothamsted  in  ISiJ 
and  1854,  and  found  by  Mr,  Way  in  Rothamsted  rain-water  collected 
in  18^5  and  ISofij  which,  calculated  according  to  the  ralu-Iall  of  ill* 
periods,  give  the  fullowing  amounts  of  nitrogen  eo  coming  down  ptr 
acre.  The  amounts  of  nitrogen  as  nitric  acid,  as  detcnnitinJ  bf 
Mr.  Way,  and  the  amount  of  total  combined  nitrogen  as  anuneii 
and  nitric  acid  together,  are  also  given. 

Tablb  IV. 

NilTogen,  en  Avimotua  and  Nifrio  Acid,  in  the  RainfaU  of  Tkwtt 
Tear/,  at  Botliamsled,  in  Poande  per  Acre. 


Rainfdl. 

MilRigfii  ptr  Acre,  m — 

Tea™. 

Nilrio 
Acid. 

Total 
KitngM. 

29  OU 
20-166 
27  216 

lbs. 
6M 

e-sa 

7-28 

lb». 
(0-74) 

on 

0  76 

Ibi. 

6-S* 

fi-M 

Mean 

88 -«S 

B-ID 

0-7* 

«■» 
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It  will  be  seen  that,  according  to  these  results,  an  average  of  6'84 
pounds  was  contributed  per  acre  per  annum  in  the  rain  in  the  form 
of  ammonia  and  nitric  acid.  More  recently,  however,  Dr.  Frankland 
has  determined  the  amount  of  ammonia  and  nitric  acid  in  numerous 
samples  of  rain  and  snow  water,  dew,  hoar-frost,  &c.,  collected  at 
Rothamsted  f rom  April,  1869,  to  May,  1870,  inclusive  :  and  the  average 
amount  of  ammonia  per  million  of  water  found  by  him  is  considerably 
lower  than  the  earlier  determinations  show.  More  recently  still  the 
ammonia  has  been  determined  in  the  Rothamsted  laboratory,  in  the 
rain  of  each  day  separately  (if  any),  for  a  period  of  six  months,  July- 
December,  1881 ;  also  in  the  proportionally  mixed  rain  for  each 
month,  for  a  period  of  thirteen  months,  June,  1881,  to  June,  1882. 
The  average  proportion  of  ammonia  in  these  most  recent  determina- 
tions accords  with  the  results  of  Dr.  Frankland,  and  points  to  a 
smaller  amount  of  total  combined  nitrogen  supplied  per  acre  in  the 
average  annual  rainfall  at  Rothamsted  than  that  recorded  in  the 
table ;  probably,  indeed,  to  not  more  than  four  or  five  pounds  of  total 
combined  nitrogen  per  acre  per  annum. 

Dr.  R.  Angus  Smith,  in  his  work  entitled  "  Air  and  Rain,  the 
Beginnings  of  a  Chemical  Climatology,"  1872,  gives  the  results  of 
numerous  analyses  of  rain-water  collected  both  in  country  and 
town  districts  in  the  Uuited  Kingdom.  The  amounts  of  ammonia 
and  nitric  acid  in  the  rain  vary  exceedingly,  according  to  locality ; 
but  the  amounts  in  the  rain  of  country  places  accord  generally  with 
those  found  in  the  Rothamsted  rainfall. 

The  following  table  summarises  the  results  of  numerous  determi- 
nations made  at  various  stations  on  the  continent  of  ^  Europe,  in  each 
case  extending  over  a  whole  year : — 
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Table  V. 

Nitrogen  as  Ammonia  and  Nitric  Acid  in  the  Bain  of  various 

Localities  in  Europe, 

[Quantities  in  Founds  per  Acre  per  Annum.] 


Localities. 


Kuscben 

Kuschen 

Insterburg 

Insterburg 

Dahme 

Begenwalde    

Begenwalde    

Regenwalde    

Ida  •  Marieiihiitte  ;     mean 

six  years 

Proskaw 

Florence 

Florence 

Florence 

Yallombroea   

Montsouris,  Paris 

Montsouris,  Paris 

Montsouris,  Paris 

Mean,  22  years  .... 


Tears. 


1864-'65 

1866-'66 

1864r-'65 

1865-'66 

1865 

1864-'65 

1865-*66 

1866-'67 

1865-*70 

1864^*65 

1870 

1871 

1872 

1872 

1877-78 

1878-79 

1879-'80 

•  • 


Rainfall. 


Inches. 


11 
17 
27 
23 
17 
23 
19 
25 

22 
17 
86 
42 
50 
79 
23 
25 
15 


85 
70 
55 
79 
09 
48 
31 
37 

65 

81 
55 
48 
82 
83 
62 
79 
70 


27  03 


Nitrogen 


Ammonia. 


lbs. 
1-44 
1-83 
3*55 
414 
5-50 

10-82 
8-27 

13-20 


13-58 
9-71 
7-78 
9-50 
7-65 

10-25 
7  05 
4  83 


Nitric 
Acid. 


lbs. 

0-42 

0-67 

1-94 

2-67 

116 

4-27 

2  11 

3-24 


7-88 
8-65 
2-11 
8  01 
2-73 
1-29 
4  11 
5-69 


Total 


lbs. 

1-86 

8-50 

5-49 

6*81 

6-66 

15*09 

10-38 

16-41 

9-92 
20-91 
13  86 

9-89 
12-51 
10-38 
11-54 
11-16 
10-58 


10-23 


It  is  seen  that  the  nnmerons  very  widely  varying  detenninatioiiii 
some  made  in  the  vicinity  of  towns  and  some  in  the  open  country,  give 
a  mean  of  10*23  pounds  of  combined  nitrogen  annually  supplied  per 
acre  by  rain  with  a  mean  rainfall  of  27*03  inches.  Making  all  allov- 
ance  for  far  inland  open  country  positions  on  the  one  hand,  and  for 
proximity  to  towns  on  the  other,  the  very  small  amounts  of  combined 
nitrogen  so  supplied  per  acre  in  some  of  the  cases,  and  the  compara- 
tively large  quantities  in  others,  seem  difficult  to  explain,  or  to  recon* 
cile,  either  with  one  another  or  with  the  results  of  Boussingault  and  of 
Rothamsted.  When,  however,  the  comparatively  limited  and  unifom 
total  amounts  recorded  for  Montsouris,  within  the  walls  of  Paris,  are 
considered,  11*54  pounds,  11*16  pounds,  and  10*52  pounds  per  acre  per 
annum,  it  will  not  excite  surprise  that  we  should  estimate  the  amoant 
of  combined  nitrogen  coming  down  in  the  measured  aqaeouB  depotit* 
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!X>]ii  the  atmosphere  at  probably  not  more  thaxiy  if  as  mnch  as, 
poands  per  acre  per  annum  in  the  open  country  at  Bothamsted. 

With  records  of  the  amounts  of  combined  nitrogen  contributed  to 
giYen  area  in  rain,  we  come  to  an  end  of  all  quantitative  evidence 
i  to  the  amount  of  combined  nitrogen  available  to  the  vegetation  of 
g^ven  area  from  atmospheric  sources.  It  will  be  seen  how  entirely 
ladequate  is  the  amount  probably  so  available  to  snpply  the  quanti- 
OB  yielded  in  different  crops  grown  without  nitrogenous  manure,  as 
»oorded  in  Tables  I  and  III  (pp.  8  and  14). 

It  is  true  that  the  minor  aqueous  deposits  from  the  atmosphere  are 
inch  richer  in  combined  nitrogen  than  rain,  and  there  can  be  no 
onbt  that  there  would  be  more  deposited  within  the  pores  of  a  given 
rea  of  soil  than  on  an  equal  area  of  the  non-porous  even  surface  of  a 
lin-gauge.  How  much,  however,  of  this  might  be  available  beyond 
iftt  determined  in  the  collected  aqueous  deposits,  existing  evidence 
oes  not  afford  the  means  of  estimating  with  certainty. 

Other  Supposed  Sources  of  Oombined  Nitrogen, 

Farther,  it  has  been  argued  that,  in  the  last  stages  of  the  decom- 
osition  of  organic  matter  in  the  soil,  hydrogen  is  evolved,  and  that 
his  nascent  hydrogen  combines  with  the  free  nitrogen  of  the  atmo- 
phere,  and  so  forms  ammonia.  Again,  it  has  been  suggested  that 
•■one  may  be  evolved  in  the  oxidation  of  organic  matter  in  the 
oil,  and  that,  uniting  with  free  nitrogen,  nitric  acid  would  be  pro- 
[noed. 

We  have  discussed  these  various  possible  supplies  of  oombined 
litrog^n  to  the  soil  from  atmospheric  sources  on  more  than  one  occa- 
ion ;  and  we  have  given  our  reasons  for  concluding  that  none  of  them 
an  be  taken  as  accounting  for  the  facts  of  growth.  Incidentally,  some 
ividence  will  be  given  further  on,  confirming  the  conclusion  that  any 
ach  supplies  are  limited  and  inadequate. 

But,  if  the  supplies  from  the  atmosphere  to  the  soil  itself  are 
oadequate,  how  about  the  direct  supplies  from  the  atmosphere  to  the 
lant? 

One  view  which  has  been  advocated  is,  that  broad-leaved  plants 
lave  the  power  of  taking  up  combined  nitrogen  from  the  atmosphere, 
a  a  manner,  or  in  a  degree,  not  possessed  by  the  narrow-leaved 
ramineous  plants.  The  only  experiments  that  we  are  aware  of,  made 
0  determine  whether  plants  can  take  up  nitrogen  by  their  leaves 
rom  ammonia  supplied  to  them  in  the  ambient  atmosphere,  are  those 
f  Adolph  Mayer  in  Germany,  and  of  Schlosing  in  France.     Both 


,1 


vu-  mtw  mat  the  broad-leav 

to  which  the  function  has  witb  th 
take  np  any  material  proportion  of 
combined  nitrogoa  in  the  atmosphe 
tion  to  the  fact  tliat  the  yield  of 
tfae  aid  of  a  complex  mineral  mana 
to  as  low  a  point  as  in  the  case  of  t 

Do  Flantt  Ammila 


The  qnestion  still  r 
the  free  nitrogen  of  the  atmosphei 
do  BO  in  a  mnch  greater  degree  th 
that  if  this  were  eatftblished  many  o 

This  qnestion  has  been  the  sabjec 
inquiry,  since  the  time  that  Bonssi 
year  1837  ;  and  more  than  twenty  ye 
g^ted  at  Rothamsted.  , 

We  will  here  give  a  snmmary  of  i 
have  been  published  in  reference  to  I 
the  free  nitrogen  of  the  atmosphere  1 
want  of  apace,  to  the  three  most  con 
which  have  been  undertaken  relating 

Though  not  the  first  in  point  c 
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Table  VI. 

Results  of  M.  Q.  Ville's  Experiments,  to  determine  whether  Plants 

dssimilate  free  Nitrogen. 


Plants. 


Kilrogen,  grams. 


In  Seed, 
and  Air; 

and 

Manure, 

if  any. 


In 
Products. 


ir 


Oain 

or 
Loss. 


Nitrogen 

in 
Products 

to  1 
Supplied. 


1849 :  Current  of  unwashed  air  supplying  0*001  gram  N,  as  Ammonia.^ 


Cress 

0  0260 
0  0640 
0  0640 

0  1470 
00640 
0-0470 

0  -1210 

0-0000 

-  0  0170 

6*6 

Ii&nre  LuDins   

10 

Snudl  liUDins 

0-7 

0  1550 

0-2580 

0  1030 

1-7 

1850:  Current  of  unwashed  air  supplying  0*0017  gram  N.  as  Ammonia.* 


ColzA  (plants) 

Wheat 

Bje    

iJAJuxe    • 


0  0200 
0-0160 
0  0130 
0  0290 

0  -0857 


10700 
0  0310 
0  0370 
0  1280 

1-2660 


10440 
0  -0150 

0  0240 
0-0990 

1  1803 


41  1 
1-9 
2*8 
4-4 

14-8 


1851 :  Current  of  washed  air.* 

Sunflower 

Tobacco 

0-0050 
0-0040 
0  0040 

0  -1570 
0  -1750 
0-1620 

0  1520 
0-1710 
0-1580 

31-4 
48-7 

Tobacco 

40-6 

1852 :   Current  of  washed  air.* 

Autumn  Colza 
Spring  Wheat 
Sunflower  .... 
Summer  Colza 
Summer  Colza 


0-0480 
0  0290 
0  0160 
0  1730 
0  -1050 


0-2260 
0  0650 
0-4080 
0  -5950 
0  -7010 


0  1780 
0  0360 
0-3920 
0-4220 
0-5960 


4-7 
2-2 
25-6 
3-4 
6-7^ 


1854:  Current  of  washed  air  (under  superintendence  of  a  Commission). 

OreM 

0  0099 
0-0038 
0-0039 

0  0097 
0  0530 
0  0110 

-0  0002 
0-0492 
0  0071 

1*0 

Cress 

13-9 

Cress 

2-8 

*  Becherches  Ezp&rimentales  sur  la  V^g^tation,  par  M.  Gorges  Ville,  Paris, 
1853. 
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Table  VI. — continued. 


Nitrogen,  grams. 

Nitrogen 

in 
Products 

tol 
Supplied. 

Plants. 

In  Seed, 
and  Air; 

and 

Manure, 

if  any. 

In 
Products. 

G-ain 

or 
Loss. 

1854 :  Current  of  washed  air  (closed,  superintended  by  a  Commission).^ 

Cress 

0-0063 

0  -0850$ 

0-0287 

5-6 

1865  and  1856  :  In  pure  air,  with  0*5  gram  Nitre  =  0'069  NUrogen.^ 

Ck>lza 

0-0700 
0  0700 
0  0700 

0-0700J 
0  -0660t 
0-0680t 

0-0000 
-0  0040 
-0  0020 

1-0 

Colza 

0*9 

Colza 

1-0 

1855  and  1856  :  In  free  air,  with  1  gram  Nitre  =  0*138  Nitrogen.\ 

Colza 

Colza 

0  1400 
0-1400 
0-1400 
0-1400 

D  -1970t 
0  -87401 
0  -2160: 
0  -2500J 

0  0670 
0-2340 
0-0760 
0-1100 

1-41 
2-67 

Colza 

1-54 

Colza 

1-79 

1856  :  In  free  air,  with  0*792  gram  Nitre  =  0*110  Nitrogen.f 

Wheat 

0  1260 
0-1260 

0  -2180t 
0-22401 

0  0920 
0-0980 

1*7 

Wheat 

1-8 

1855 :  In  free  air,  wUh  1*72  grams  Nitre  =  0-238  Nitrogen.^ 

Wheat 

0-2590 

0 -30801 

0-0490 

1-2 

1856:  In  free  air,  with  1*765  grams  Nitre  =  0*244  NUrogen,^ 

Wheat 

0  -2660 
0*2650 

0 -2l70t 
0  -3500t 

—0-0480      1        0*8 

Wheat 

+  0  -0850      1        1  'A 

Theso  results,  as  well  as  those  of  others,  we  have  fully  discussed 
elsewhere  (Phil,  Trans.,  1859,  and  Jotcr,  Chem.  Soc.,  vol.  Tvi,  1863),  and 
we  can  only  very  briefly  refer  to  them  in  this  place. 

The  column  of  actaal  gain  or  loss  shows  in  one  case,  with  coin, 
a  gain  of  more  than  1  gram  nitrogen ;  and  the  amonnt  in  the  products 
is  more  than  forty- one  times  as  mnch  as  that  supplied  as  combined 

•  Compt.  rend.,  1855. 

t  Becherches  Expdrimentalee  snr  la  T^^tation,  1867. 

X  In  plants  only. 
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litrogen  in  the  seed  and  air.  The  results  with  wheat,  rye,  or  maize, 
ihowed  very  much  less  of  both  actual  and  proportional  gain.  Experi- 
nents  with  sunflower  showed  in  one  case  thirty-fold,  and  with  tobacco 
ii  two  cases  more  than  forty- fold,  as  much  in  the  products  as  was 
lupplied.  It  will  be  observed,  however,  that  upon  the  whole  M.  G. 
Ville's  later  experiments  showed  considerably  less  both  actual  and 
proportional  gain  than  his  earlier  ones. 

M.  G.  Yille  in  some  cases  attributed  the  gain  to  the  large  leaf 
surface.  In  explanation  of  the  assimilation  of  free  nitrogen  by  plants, 
he  calls  attention  to  the  fact  that  nascent  hydrogen  is  said  to  give 
Gonmonia,  and  nascent  oxygen  nitnc  acid,  with  free  nitrogen,  and  he 
asks :  Why  should  not  the  nitrogen  in  the  juices  of  the  plant  combine 
frith  the  nascent  carbon  and  oxygen  in  the  leaves  ?  He  refers  to  the 
supposition  of  M.  De  Luca,  that  the  nitrogen  of  the  air  combines  with 
the  nascent  oxygen  given  off  by  the  leaves  of  plants,  and  to  the  fact 
that  the  juice  of  some  plants  (mushrooms)  has  been  observed  to 
osonise  the  oxygen  of  the  air,  and  he  asks :  Is  it  not  probable,  then, 
that  the  nitrogen  dissolved  in  the  juices  will  submit  to  the  action  of 
the  ozonised  oxygen  with  which  it  is  mixed,  when  we  bear  in  mind 
that  the  juices  contain  alkalies,  and  penetrate  tissues,  the  porosity  of 
which  exceeds  that  of  spongy  platinum  ? 

The  following  table  (VII)  summarises  the  results  of  M.  Boussin- 
ganlt.  His  experiments  on  the  subject  commenced  in  1837,  and  were 
sontinued  at  intervals  up  to  1858.  The  conditions  of  each  set  of  ex- 
periments as  to  soil,  air,  or  application  of  manurial  substances,  are 
given  in  the  table. 

Tablb  VIL 

Results  of  M.  Boussingault's  Hxperiments  to  determine  whether  Plants 

assimilate  free  Nitrogen* 


Fkmts. 


Nitrogen,  grains. 


In  Seed, 
or  Plants ; 

and 

Manure, 

if  any. 


In 
Products. 


Gain 

or 
Loss. 


Nitrogen 

in 
Products 

tol 
Supplied. 


1837  :  Burnt  soil,  distilled  water^  free  air,  in  closed  summer-house.^ 


Trefoil  

0  1100 
0  1140 
0  0430 
0  0570 

0-1200 
0  1560 
0  0400 
0  0600 

+  0  0100 
+  0  0420 
-0  0080 
+  0  0030 

1*09 

Trefoil 

1-37 

Wheat 

0*93 

Wheat 

1*06 

•  Ann.  Ch.  Phys.  [2],  Ixrii.  (1888). 


Tablr   Yll.— continued. 


Fens   

Tret.iil  (PliiiiU) 

0>U(PLint>)    .. 


1838 :  Gmdifions  as  in  li 
ovmo  0-1010 

0  -0330  0  OSfiil 

. ,  . .        0  ■0590  0  '0530 


Low. 


1851  and  '52:   Wanhed  and  -Igaiteti pumice  with  <uhe»,  dutilted  Koter, 
liiHtted  air,  jinrfer  glass  sliade,  with  Carbonic  Aci<l.f 


Haricol,  1851   

OWs,  1S51 

0  03lfl 

0'0079 

0-oaio 

0  0315 

0  03W 
0  0067 
0  0189 

0-0336 
0  0030 

-0-0009 
-0-UOU 
-0-0021 
-0-0019 

-o-oooi 

0-fi7 
0-86 

1853 :  Prepared  pumiee,  or  bamt  brick,  icllli  ash>!8  distilled  water, 
limil^d  air,  tii  glass  globe,  wilh  Carbonic  Acid.f 


White  Lupin  . . 
Whitfl  Liipin  . . 
"White  Lupin  . . 
Dwarf  Haricot . 
Swarf  Haricot .. 
OaTdra  Cmu  . . 
Wllita  Lupin    . . 


+  0 

0003 

-0 

)036 

3010 

+  0 

MOl 

-0 

mo8 

+  0 

X106 

-0 

»2l 

KlOO 

-0-oiao 

1854:  Prepared  pumice  with  ashes.  disiilMtealet 
air,  and  Carbonic  Acid,  m  glazed  ci 


eurrmi  of  viiukei 


Swarf  Ilaricat . . 
Dwarf  Haricot. . 
Swarf  Haricot. . 
Swarf  Haricot . . 

Crew 


0 

0196 

■0 

0323 

(1 

0135 

(1 

0339 

0 

0676 

0 

018O 

t1 

0175 

" 

00(6 

0 -0187 
0  0325 
0  OMl 


-0  0009 
+  0-0003 
-tOOOOS 
-0  -0010 
-0  0010 
-0  0021 


103 
0-97 
0-99 
0-M 
1-lS 


'  Ann.  Ch.  Phj».  [3],  liii.  (1838), 
*  Ann.  Ch.  Phy,.  [3],  i!i.  (1864). 


i.  (IWS 


jUt/ elAdU <aMA  Hu)}  mm)  )^om^  ,  a*i<ii«l,n,,|Xwi' 


27 


Table  VII. — continued. 


Plants. 


Nitrogen,  grams. 


In  Seed, 

or  Plants ; 

and 

Manure, 

if  anj. 


In 
Products. 


Gain 

or 
Loss. 


Nitrogen 

in 
Products 

tol 
Supplied. 


,  '62,  *53,  and  '54 :  Prepared  snil,  or  pumice  with  ashes ;   distilled 
water,  free  air,  under  glazed  ca^e.* 


\t  (dwarf),  1851. .  .. 

It,  1852    

>t,  1853    

»t  (dwurf),  1854. .  . . 

(white),  1853    

185* 

1854 

L852 

,1853 

1  Cress*,  185  V 


0  03 19 
0  0213 
0  0293 
0  0318 
0  0214 
0  0199 
0-0367 
0  0031 
0  0064 
0  0259 


0  0380 
0  0238 
0  0270 
0  0350 
0  0256 
0  0229 
0  0387 
0  0041 
0  0075 
0  0272 


+  00031 
+  0  0025 
-0  0023 
+  0  0032 
+  0  00i2 
+  0  0030 
+  00020 
+  0  0010 
+  0-0011 
+  0.0013 


109 
1-12 
0-92 
110 


1 
1 
1 
1 
1 
1 


20 
15 
05 
32 
17 
05 


1858  :  Nitrate  of  Potassium  as  Manure.f 


itlius 


{ 


0  01441 
0  02551 


0  0130 
0-0245 


0-0014 
0  0010 


0-90 
0-96 


be  last  two  columns  of  the  table  (VII)  show  the  actual  a^d  pro- 
>nal  gain  or  loss  of  nitrogen  in  M.  Bonssinganlt's  experiments. 
1  be  seen  that  in  his  earlier  experiments,  those  in  free  air  in  a 
ler  house,  the  leguminous  plants,  trefoil  and  peas,  did  indicate  a 
le  gain  of  nitrogen:  but,  in  all  his  subsequent  experiments,  there 
enerally  either  a  slight  loss,  or,  if  a  gain,  it  was  represented  in  only 
ons,  or  low  units,  of  milligrams.  After  20  years  of  varied  and 
ions  investigation  of  the  subject,  M.  Boussingault  concluded  that 
i  have  not  the  power  of  assimilating  the  free  nitrogen  of  the  atmo- 
e.  And  in  a  letter  received  from  him  as  recently  as  1876,  after 
jsing  several  aspects  of  the  question,  he  says  : — 
[f  there  is  one  fact  perfectly  demonstrated  in  physiology,  it  is 
)f  the  non-assimilation  of  free  nitrogen  by  plants;  and  I  may 
3y  plants  of  an  inferior  order,  such  as  mycoderms  and  mush- 
5." — (Translation.) 

ar  own  experiments  on  this  subject  were  commenced  in  1857, 
young  American  chemist,  the  late  Dr.  Pugh,  of  the  Pennsylvania 

•  Ann.  Ch.  Phys.,  Ser.  [3],  xhU.  (1855). 
t  Compt.  rend.,  xlvii.  (1858). 
X  Nitrogen  in  Seed  and  Nitrate. 


ffSl,  'f9.Si,Sf^  JOMdCS^  Ko/Aol! 


ItetalU  o/Experimenit  made  at  Bothamgted  to  determine  tokether  Planit 

asniinilatv  freu  Nitrogen. 


With  NO  eominned  Nitrogen  tuppUed  beyond  that  in  the  teed  « 


rWlieat.... 

1857  -iBaHer..., 

[.Barlej.... 

{Wheat... 
Barlej... 
Oats 


J-Buok- 
'    I.  wheat  . 


-0-0008 
4-0  0016 
i-0-00S6 


-0-0018       0-«l 


With  combined  Nitrogen  tnpplied  ba/ond  that  it 

the  aeed  town. 

rWhrat.... 
LBarley.... 

0  0329 
0  0389 

0  0326 
0  0268 

0  0383 
0  0331 
0-0323 
0-DS37 

+0  0054 

+  00002 
+  0-0002 
+  00068 

116 
1-01 
1-01 
1-25 

Otwrnnea 

rWhe»t.... 

1868    i  Barlej .... 

LOats 

0'0548 
0  0496 
0  0313 

0  0536 
0-0464 
0  0216 

-0  0012 
-0-0032 
-0-0096 

0-96 
0« 
0-69 

^^      Barley.... 
'-              lOat 

0-0268 
0  0257 
0-0260 

0  0274 
0-0242 
0-0198 

+  0-0006 
-0  -OOIB 
-O'OOGS 

1-02 
0^ 
0-76 

1858      Bwna  .... 
1-    A" 

0-0227 
0  0712 

0  07U 

0  0211 
0  0665 

0-0656 

-0-OOlS 
-0-0017 

-0-0066 

0-93 
0-93 

0-92 

Other  Plant!  ..       1858   {^^wt  ..  } 

0  0308 

0-0293 

-0-0016 

0-96 

*  Tbwa  expeiimenti  ve're  coiubKAB&nt^MK^^axvtnaqf  H.  O.  TQU. 
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State  Agricultural  College,  devoted  between  two  and  three  years  to 
he  investigation  at  Rothamsted.  The  conditions  of  the  experiments, 
knd  the  results  obtained  up  to  that  date,  are  fully  described  in  the 
Mipers  in  the  Fhilosophical  Transactions  for  1859,  and  in  the  Journal 
/  the  Chemical  Society  in  1863,  already  referred  to.  Table  VIII 
p.  28)  summarises  the  results  obtained. 

The  upper  part  of  the  table  shows  the  results  obtained  in  the  experi- 
nents  in  which  no  combined  nitrogen  was  supplied  beyond  that  con- 
ained  in  the  seed  sown.  The  growth  was  in  all  cases  extremely  re- 
tricted ;  and  the  figures  show  that  there  was  in  no  case,  whether  of 
^ramineee,  LeguminossB,  or  buckwheat,  a  gain  indicated  by  as  much  as 
( milligrams  of  nitrogen.  There  was  in  most  cases  much  less  gain,  or 
k  slight  loss. 

The  lower  part  of  the  table  shows  the  results  obtained  when  the 
)lant8  were  supplied  with  known  quantities  of  combined  nitrogen,  in 
he  form  of  a  solution  of  ammonium  sulphate  applied  to  the  soil.  The 
kctual  gains  or  losses  range  a  little  higher  in  these  experiments,  with 
arger  quantities  of  nitrogen  involved ;  but  they  are  always  represented 
)y  units  of  milligrams  only,  and  the  losses  are  higher  than  the  gains, 
further,  the  gains,  such  as  they  are,  are  all  in  the  experiments  with 
;he  GramineflB,  whilst  there  is  in  each  case  a  loss  with  the  Leguminosas 
ind  the  buckwheat. 

It  should  be  stated  that  the  growth  was  far  more  healthy  with  the 
Bramineas  than  with  the  Leguminossd,  which  are  even  in  the  open  field 
rery  susceptible  to  vicissitudes  of  heat  and  moisture,  and  were  espe- 
cially so  when  inclosed  under  glass  shades.  It  might  be  objected, 
herefore,  that  the  negative  results  with  the  Leguminosaa  are  not  so 
ionclusive  as  those  with  the  Graminesd.  Nevertheless,  we  do  not  hesi- 
ate  to  conclude  from  our  own  experiments,  as  Boussingault  did  from 
lis,  that  the  evidence  is  strongly  against  the  supposition  that  either 
lie  Gramineaa  or  the  Leguminosss  assimilate  the  free  nitrogen  of  the 
itmosphere. 

Recapitulation. 

In  the  foregoing  resume  of  mostly  previously  recorded  facts,  we 
lave  shown  the  amount  of  nitrogen  assimilated  by  various  crops  over 
k  given  area,  when  grown  for  many  years  in  succession  on  the  same 
and  without  any  nitrogenous  manure ;  that  is,  under  conditions  in 
vhich  the  source  of  the  nitrogen  is  as  little  as  possible  obscured  by 
he  influence  of  indefinite  amounts  available  from  manure. 

It  has  been  shown  that  the  determined  amounts  of  combined  nitrogen 
kimiiallj  coming  down  in  the  measured  ObqueoTia  ^^^i\H«^  Vc^tel  ''^^ 
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atmosphere  in  the  open  conntry  are  entirely  insufficient  to  do  more 
than  sapplj  a  small  proportion  of  the  nitrogen  assimilated  by  crops  so 
grown. 

With  regard  to  other  possible  supplies  of  already  combined  nitrc^n 
from  the  atmosphere  to  the  soil,  it  has  been  pointed  out  that  there  is 
no  direct  quantitative  evidence  at  command,  and  that  such  evidence 
as  does  exist  leads  to  the  conclusion  that  such  supplies  are  very  limited 
and  inadequate. 

The  same  may  be  said,  even  in  a  greater  degree,  of  the  supposed 
combination  of  the  free  nitrogen  of  the  air  within  the  soil ;  also  of 
the  supposition  that  plants  take  up  any  material  proportion  of  their 
nitrogen  from  combined  nitrogen  in  the  atmosphere  by  their  leaves. 

Finally,  it  has  been  concluded  that  the  balance  of  direct  experi- 
mental evidence  is  decidedly  against  the  supposition  that  plants 
assimilate  the  free  nitrogen  of  the  atmosphere.  Indeed,  the  strongest 
argument  that  we  know  of  in  favour  of  such  a  supposition  is  that,  in 
defect  of  other  conclusive  evidence,  some  such  explanation  of  the 
facts  of  production  would  seem  to  be  needed. 

The  Nttrogen  op  the  Soil  as  a  Source  of  the  Nitbooen  of 

Crops. 

We  now  turn  to  that  part  of  the  subject  which  it  is  the  special 
object  of  this  communication  to  bring  forward,  namely,  the  determi- 
nations of  nitrogen  in  the  soils  of  some  of  the  experimental  fields  mt 
Rotbamsted,  the  yield  of  nitrogen  in  which  has  been  given,  and  to 
show  the  bearing  of  the  results  on  the  question  of  the  sources  of  the 
nitrogen  of  the  crops. 

Wo  have  no  wish  or  intention  to  ignore  the  difficulties  inherent  in 
the  treatment  of  the  subject  from  this  point  of  view.  The  difficulty 
of  the  problem  will  at  once  be  recognised  when  it  is  borne  in  mind 
that  a  difference  of  0*001  in  the  percentage  of  nitrogen  in  the  dry  soil 
may  represent  a  difference  of  from  20  to  25  pouuds  of  nitrogen  per 
acre  in  a  layer  of  9  inches  in  depth.  Again;  it  is  further  to  be  borne 
in  mind  that,  in  the  case  of  the  Rotbamsted  arable  soils  with  which 
we  have  to  deal,  the  percentage  of  nitrogen  in  the  first  9  inches  of 
depth  is  sometimes  only  about  O'l,  and  seldom  exceeds  0*14  or  0*15 ; 
that  in  the  second  9  inches  it  ranges  from  under  0'07  to  little  over 
008;  in  the  third  9  inches  from  under  006  to  about  0*07;  and  that 
in  the  lower  depths  is  rather  lower  still. 

It  will  be  seen,  therefore,  that  if  any  quantitative  estimates  are  to  be 
baaed  on  the  percentage  amounts  of  nitrogen  determined  in  gfHF»r*** 
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of  soil  from  different  depths,  the  greatest  care  must  be  taken  to  insure 
that  the  samples  trulj  represent  the  exact  depth  supposed.  The  mode 
nsnallj  adopted  of  taking  samples  of  an  indefinite  area,  perhaps  not 
to  a  definite  depth,  and  almost  certainly  not  of  uniform  breadth  or 
width  to  the  depth  taken,  is  obviously  quite  inapplicable  for  the 
purposes  of  any  such  inquiry  as  that  here  supposed. 

Another  difficulty  is  that,  in  the  case  of  subsoils,  with  a  low  actual 
percentage  of  nitrogen,  the  variations  in  the  amount  in  different 
samples  are  often  proportionally  great,  and  obviously  unconnected 
with  the  special  history  of  the  plot. 

Unfortunately,  the  few  samples  of  soil  that  were  collected  in  the 
early  years  of  the  Bothamsted  field  experiments  were  not  taken  in 
such  a  manner  as  to  afford  results  applicable  to  our  purpose.  Com- 
mencing in  1856,  however,  the  mode  adopted  has  been,  after  carefully 
levelling  the  soil,  to  drive  down  a  square  frame,  made  of  strong  sheet- 
iron,  open  at  top  and  bottom,  and  of  an  exact  area,  and  of  an  exact 
depth,  to  the  level  of  the  surface.  The  inclosed  soil  is  then  carefully 
taken  out,  and  its  weight  determined.  The  soil  around  the  frame  is 
then  removed  to  the  level  of  its  lower  edge,  and  it  is  again  driven 
down,  and  the  inclosed  soil  removed ;  and  this  process  is  i*epeated 
until  the  desired  depth  of  sampling  is  reached. 

Of  surface  soils,  samples  are  taken  from  three,  four,  or  as  many  as 
eight  places  on  the  same  plot.  A  portion  of  each  such  sample  is  kept 
separate,  as  a  means  of  testing  the  range  of  variation,  and,  if  need  be, 
of  correction  in  case  of  any  abnormal  results  due  to  accidental  animal 
droppings,  or  other  causes.  Another  portion  of  each  separate  sample 
of  the  surface  soil  is  used  to  make  a  mixture  of  all.  In  the  case  of  the 
subsoils,  the  separate  samples  of  corresponding  depth  from  the  same  plot 
are,  as  a  rule,  at  once  mixed.  Sui'face  soils  are  sometimes  taken  of  an 
area  of  12  by  12  inches,  but  frequently  of  only  6  by  6  inches,  and 
subsoils  almost  invariably  of  the  smaller  area.  The  depth  of  each 
sample  is  generally  9  inches ;  but  in  some  special  cases  it  has  been 
only  3  inches,  and  in  some  6  inches.  It  is  perhaps  to  be  regretted 
that  the  depth  originally  fixed  upon  did  not  more  nearly  represent  that 
to  which  the  soil  is  more  directly  affected  by  the  mechanical  operations, 
and  by  the  application  of  manure,  say  6  inches.  But  having  originally 
adopted  9  inches,  it  has  been  necessary  to  adhere  to  this  depth  sub- 
sequently, in  order,  as  far  as  possible,  to  obtain  comparable  results  at 
different  dates. 

The  soils  when  brought  to  the  laboratory  are  first  broken  up,  and 
then  partially  dried  in  a  stove-room  at  a  temperature  of  about  130°  F., 
to  arrest  nitrification,  which  would  be  lia\AQ  to  Wi^Lib  ^^^aks^  *-&  ^^  ^-^.^ 


amonnt  ot  nitrogen  per  acre,  it  wil 
withstanding  the  means  adopted  to  ae 
dry  monld  per  acre  calculated  for  a 
taken,  vary  considerably  for  the  eame 
ing  to  the  dryness  or  wetness  of  the  t 
as  affected  by  the  crop,  the  mechanic 
stances.  The  amonnta  also  vary  rer 
adjoining  fields. 

Nitrogen  in  the  Soils  of  the  Ex 

The  first  series  of  determinations 
will  be  called  relates  to  those  made  in 
Broadbalk  field,  which  has  now  grow: 
sacoesaion,  and  the  yield  of  nitrogen 
no  nitrogen  in  manare,  has  been  givei 
bered  that,  nnder  those  conditions,  tl 
in  the  annual  yield  of  nitrogen  in  the 
and  with  a  inized  mineral  manure  net 

The  first  wheat  crop  of  the  seri 
althongh  isolated  samples  of  the  soil ' 
was  not  until  1856  that  any  were  coll 
At  that  date  only  four  plots  were  sai 
the  first  9  inches.  Eight  samples  « 
plot,  each  12  by  12  inches  area,  and 
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crop  had  been  removed.  It  is  obvious  that,  if  the  results  at  these 
two  periods  are  to  be  compared,  we  must  first  determine  whether  the 
samples  taken  represent  layers  of  equal  depth  and  weight  in  the  two 
cases.  Confining  attention  on  the  present  occasion  to  the  results 
relating  to  the  first  9  inches  of  depth,  the  following  figures  show  the 
average  weight  of  dry  mould  per  acre ;  that  is,  of  soil  excluding 
stones  and  moisture,  calculated  from  the  weight  of  the  samples  taken^ 
and  from  the  results  of  the  mechanical  separation,  and  of  the  deter- 
mination of  moisture  in  the  soils.  For  1865,  the  calculations  are 
based  on  the  results  afforded  by  80  samples,  eight  from  each  of  ten 
of  the  eleven  plots,  the  eleventh  being  the  one  annually  receiving 
iarmjard  manure  ;  and  for  1881  they  are  based  on  the  results  relating 
to  114  samples,  that  is,  six  samples  each  from  19  plots,  again 
excluding  the  one  with  farmyard  manure. 


Number  of  Samples. 


1865, 10  plots,  8  samples  from  each 
1881,  19  plots,  6  samples  from  each 


Calculated 

dry  Mould 

per  Acre. 


lbs. 
2,299,038 
2,562,202 


The  importance  of  taking  samples  of  definite  area  and  depth,  and 
of  determining  the  weights,  is  here  strikingly  illustrated.  Thus,  it  is 
obvious  that  the  samples  analysed  in  1881  represented,  on  the  average, 
almost  exactly  one-ninth  more  soil  per  acre  than  those  analysed  in 
1865.  In  other  words,  if  the  samples  of  1865  fairly  represented 
9  inches  of  depth  in  the  average  condition  of  consolidation  of  the  soil, 
those  of  1881  represented  10  inches  of  soil  in  the  same  condition : 
that  is,  they  included  1  inch  more  of  subsoil,  with  its  much  lower 
percentage  of  nitrogen  than  the  9  inches  above  it.  It  may,  of  course, 
be  a  question  whether  the  condition  of  consolidation  of  the  soil  was 
the  more  normal  at  the  one  period  or  at  the  other.  It  would,  how- 
ever, make  scarcely  any  difPerence  in  the  relation  of  the  results  to  one 
another  at  the  two  periods,  whether  the  actually  determined  per- 
centages of  nitrogen  in  the  1865  samples  were  lowered,  on  the 
assumption  that  they  should  have  included  1  inch  more  of  subsoil,  or 
whether  the  determined  percentages  in  the  1881  samples  are  raised, 
on  the  assumption  that  they  contained  1  inch  too  much  of  subsoil. 
We  have  concluded,  from  a  consideration  of  all  the  facts  at  command, 
that  the  latter  alternative  is  upon  the  whole  the  beat.    W^  ^<c^^\»^ 


ueepj,  of  the  nDmanared  plot,  i 
sampled  in  1865,  the  actoally 
the  dry  mould;  and  for  the  188 
both  the  actually  determined  per 
calculated  eis  above  deecribed. 
nitrogen  per  acre,  reckoning  2,3< 
for  1865  according  to  the  acta 
1881  according  to  the  corrected 
more  (  +  ),  or  less  (-),  in  1881 
for  each  period,  there  are  given 
the  other  plots  than  on  plot  5a, 
alone. 

Aa  already  said,  in  1865  the 
wheat  in  snccesaion,  and  in  1881 
nomannred  from  the  commenct 
manure  in  the  first  year,  bnt  tfa 
since.  The  remaining  plots  were 
the  first  eight  of  the  thirty-eight 
has  been  manured  every  year  fa 
years,  as  described  in  the  table. 

It  will  be  observed  that,  for  e 
show  a  lower  percentage  of  nitro| 
rooted  percenl^es  for  1881  are,  c 
actual  determinations ;  and  they. 
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exhaustion.  Taking  the  rean. 
third  9  inches,  the  culcnlated  lo 
mately  the  same  for  the  ti^o  pk 
9  inches  only  are,  however,  anffi 
yield  of  nitrogen  in  the  crop,  wl 
is  accompanied  by  a  decline  in  t 

A  fnrtber  illnstration  on  thi 
plot  16o.  For  the  thirteen  3 
besides  the  mixed  mineral  mam 
any  of  the  other  plots,  the  resa', 
and  it  gave  on  the  average  of  i 
acre  per  annnm.  Since  1864,  1 
mannred,  and  during  the  seventee; 
average  of  only  14|  buahela  of  gr. 
baa  been  very  little  more  than 
mineral  manure.  The  table  sho 
crop  had  been  removed  since  Ibe 
niam  salta,  the  surface  soil  atill  c 
than  any  other  plot  in  the  aerie 
years  more  of  cropping  without  n 
plot  was  reduced  by  a  greater  am 
a  lower  point  than  on  any  other 
plot  10  with  the  ammonium  salts 

Let  ns  now  refer  tn  *^"  '--' 
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eoQoes.  The  plots  nnder  consideration,  all  of  which  received  the  same 
amonnt  of  nitrogen  in  manure,  are  there  given  in  the  order  of  their 
average  annual  increased  yield  of  nitrogen  in  the  crops  over  plot  5. 
The  first  column  shows  the  estimated  average  annual  increased  yield  of 
nitrogen  per  acre  in  the  crops ;  the  second,  the  estimated  annual  loss 
of  nitrogen  as  nitric  acid  by  drainage ;  the  third,  the  estimated  annual 
excess  of  nitrogen  in  the  surface  soil  over  that  on  plot  5  with  the 
mineral  manure  alone ;  and  the  last  column  shows  the  relation  which 
that  excess  in  the  soil  bears  to  100  increased  yield  of  nitrogen  in  the 
crops. 


Table  X. 
Estimated  Nitrogen  per  Acre  per  Annum* 


In 

Excess 

In 

Loss  by 

Surface 

in  Sur- 

Ploto. 

Crops 

Drainage 

Soil 

face  Soil 

oyer 

oyer 

9  inches 

to  100 

Plot  5. 

Plot  5. 

deep,  over 
Plot  5. 

increase 
in  Crop. 

lbs. 

lbs. 

lbs. 

lbs. 

10 

Ammonia  salts  «  86  lbs.  nitrogen 

f  1845  and  sinoe^ 

12*4 

31-2 

4*8 

38-7 

11 

Ammonia  salts  »  86  lbs.  nitrogen 

%*^*     w 

and  suDerDhosDhate 

17-7 

28*5 

11*6 

65 '5 

12 

Ammonia  udts  »  86  lbs.  nitrogen 

^*  •      • 

superphosphate  and  soda 

22-2 

24-6 

14-6 

65-8 

13 

Ammonia  salts  =  86  lbs.  nitrogen 

superphosphate  and  potash    .... 

28-4 

26-6 

17-8 

76-1 

14 

Ammonia  salts  «  86  lbs.  nitrogen 

superphosphate  and  magnesia  . . 

24  1 

27-5 

15-5 

64*3 

7 

Ammonia  salts  »  86  lbs.  nitrogen 

and  mixed  mineral  manure    .... 

26-9 

19  0 

19-3 

74-6 

9 

Nitrate  soda  »*  86  lbs.  nitrogen 

and  mixed  mineral  manure    .... 

26-5 

23-7 

18-5 

71-2 

It  is  seen  that  the  increased  yield  of  nitrogen  in  the  crops  also 
yaried  exceedingly  with  the  same  amonnt  supplied  in  manure,  accord- 
ing to  the  condition  as  to  supply  of  mineral  constituents.  Plot  10, 
with  the  ammonium  salts  alone,  gives  the  smallest  increased  yield  of 
nitrogen  in  the  crop ;  and  plots  7  and  9,  with  the  most  complete 
mineral  manure,  each  more  than  twice  as  much;  the  other  plots 
giving  intermediate  amounts. 

The  order  of  the  estimated  loss  of  nitrogen  by  drainage  is  almost 
the  converse  of  that  of  the  increased  yield  in  the  crops.  Plot  10, 
which  gives  the  least  increased  yield  in  tiie  orop^  ^Qr<N^  ^%  ^^*d2(K^\» 
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loss  by  drainage ;    and   plots   7   and   9,   which    yield  the   greatest 
increase  in  the  crop,  show  the  least  loss  by  drainage. 

The  excess  in  the  soils  (over  plot  5)  is  obvionsly  much  more  in 
the  order  of  the  increased  yield  in  the  crops.  Plot  10,  with  the 
least  in  the  increase  of  crop  and  the  most  in  the  drainage,  shows  the 
least  excess  in  the  soil;  whilst  plots  7  and  9,  with  the  greatest 
increased  yield  in  the  crop,  and  the  least  loss  by  drainage,  show  tbe 
greatest  excess  in  the  soil. 

It  is  clear,  therefore,  that  whilst  the  excess  in  the  soil  has  no 
direct  relation  to  the  amount  supplied  in  the  manure,  it  has  a  ybtj 
obvious  relation  to  the  increased  yield  in  the  crop ;  in  other  words,  to 
the  amount  of  growth.  The  last  column  of  the  table  brings  this 
out  more  clearly.  Excepting  in  the  case  of  plot  10,  with  the  ammo- 
nium salts  alone,  there  is  a  general  uniformity  in  the  proportion 
of  the  excess  in  the  soil  over  plot  5  to  the  increased  yield  in  the 
crop  over  plot  5  ;  and  the  variations,  such  as  they  are,  have  an 
obvious  connection  with  the  conditions  of  growth.  Thus,  plots  11, 
12,  and  14,  all  with  a  deficient  supply  of  potash,  show  approximately 
equal  proportions  retained  in  the  soil  for  100  of  increase  in  the  crop. 
Plots  13,  7,  and  9,  again,  all  with  liberal  supplies  of  potash,  show 
higher,  but  approximately  equal,  proportions  retained  in  the  surface 
soil  for  100  of  increased  yield  in  the  crop. 

Upon  the  whole,  it  is  obvious  that  the  relative  excess  of  nitrogen 
in  the  soils  of  the  different  plots  is  Uttle,  if  at  all,  due  to  the  direct 
retention  by  the  soil  of  the  nitrogen  of  the  manure,  but  is  almost 
exclusively  dependent  on  the  difference  in  amount  of  the  residue  of 
the  crops — of  the  stubble  and  roots,  and  perhaps  of  weeds. 

Recurring  to  the  main  point  which  it  is  our  object  to  elucidate, 
there  can  be  no  doubt  that  the  determinations  of  nitrogen  in  the  sur- 
face soils  of  the  plots  of  the  experimental  wheat  field,  at  different 
dates,  establish  the  fact  that  the  decline  in  the  yield  of  nitrogen  in 
the  crops,  when  none  is  supplied  in  manure,  is  accompanied  by  a 
decline  in  the  stock  of  nitrogen  in  the  soil. 

It  will  be  well  to  consider,  as  far  as  the  data  at  command  will 
allow,  what  relation  the  yield  of  the  nitrogen  in  the  crops  bears  to 
the  loss  of  nitrogen  by  the  soil  ? 

On  this  point  it  may  be  stated  that,  taking  the  average  of  thirfy 
years,  1852 — 1881,  it  is  estimated  that  the  unmanured  plot  yielded 
18*6  pounds  of  nitrogen  in  the  crops,  and  lost  10*3  pounds  in  the 
drainage,  or  in  all  28*9  pounds  per  acre  per  annum  over  that  perHxL 
In  like  manner,  it  is  e&t\m«i't&d  that  plot  5,  which  reoeived  nitro- 
genous as  well  as  minewA  maswa^  ^uTra^^iJoa  Y^:w:^S!b&.%  ^L^t  yean, 
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bat  mineral  manure  alone  daring  the  thirty  years,  yielded  an  average 
of  20'd  pounds  of  nitrogen  in  the  crops,  and  12  pounds  in  the  drain- 
age, or  in  all  32*3  pounds  per  acre  per  annum.  It  would  thus 
appear  that,  without  nitrogenous  manure,  about  30  pounds  of  nitrogen 
baa  been  contributed  per  acre  per  annum,  from  some  source,  to  crop 
and  drainage  together.  The  determinations  of  nitrogen  in  the  soils  of 
the  two  plots  indicate  that  they  have  lost  an  average  of  about  two- 
thirds  of  this  amount  annually  to  the  depth  of  27  inches.  There 
would,  therefore,  according  to  this  reckouing,  remain  about  one- third 
— say  10  pounds  more  or  less — to  be  contributed  by  seed,  by  rain  and 
condensation  from  the  atmosphere,  and  by  all  the  other  supplies  of 
combined  nitrogen  which  have  been  supposed  to  be  available,  whether 
by  the  combination  of  free  nitrogen  within  the  soil,  or  its  assimilation 
by  the  plant.  Of  this  amount  about  2  pounds  will  be  due  to  seed, 
and  if  we  suppose,  say,  only  5  pounds  to  be  annually  supplied  by  rain 
and  the  minor  aqueous  deposits  from  the  atmosphere,  there  is  but 
little  left  to  be  provided  by  all  the  other  sources  assumed. 

Nitrogen  in  the  Soils  of  the  Experimental  Barley  Plots. 

Unfortunately  we  have  not  so  complete  a  series  of  determinations 
of  nitrogen  in  the  soils  of  the  experimental  barley  plots  as  of  those  in 
the  experimental  wheat  field.  In  1868  four  of  the  barley  plots  were 
sampled.  Four  samples,  each  6  by  6  inches  area,  by  9  inches  deep, 
were  taken  from  each  plot,  and  the  four  mixed  together.  In  March, 
1882,  26  plots  were  sampled,  four  samples  being  taken  from  each  plot, 
each  6  by  6  inches  area,  and  to  the  depth  of  three  times  9,  or  27 
inches.  Of  the  plots  sampled  in  1868  only  one  had  received  no  nitro- 
genous manure,  but  we  are  able  to  g^ve  the  percentage  of  nitrogen  in 
the  surface  soil  of  this  plot  at  the  two  dates. 

Table  XI. — Hoosfield  Barley  Land. 

Nitrogerij  per  cent,  in  the  dry  Mould,  first  9  inches. 

[B&rley,  31  yean  in  succossion,  1852-1882  inclusiye.] 


Description  of  Manure. 

1868. 

1882. 

'M'ivmI  fniTurral  maniire  i^lon^  T--»tt *  r  -' 

Per  cent. 
0  1202 

Percent. 
0  1124 

The  calculated  average  weights  of  dry  mould  per  acre,  to  the  depth 
of  9  inchea,  were  not  very  different  at  the  t^o  datea.  T^i<^  \^^«kccl^<^ 
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were,  however,  slightly  the  heavier,  which  would  indicate  that,  for 
comparison,  the  percentage  of  nitrogen  given  for  the  latter  date  is 
perhaps  somewhat  too  low.  Still,  it  is  obvious  that,  as  in  the  case  of 
the  wheat  land,  so  also  in  that  of  the  barley  land,  there  is,  with  the 
decline  in  the  yield  of  nitrogen  in  the  crop  at  the  same  time  a  decline 
in  the  stock  of  the  nitrogen  in  the  soil. 

Nitrogen  in  the  Soils  of  the  Experimental  Boot-crop  Plots. 

The  next  results  relate  to  the  land  upon  which  root-crops— com- 
mon turnips,  swedes,  sugar-beet,  and  mangel-wurzel  (with  the 
exception  of  the  interpolation  of  three  years  of  barley  without 
manure)  have  been  grown  for  forty  years  in  succession,  1843-1882 
inclusive.  Samples  of  the  soil  have  only  been  taken  once,  namelj, 
in  April,  1870;  that  is,  after  the  experiment  had  been  continued 
twenty-seven  years.  At  that  time  35  plots  were  sampled,  and  four 
samples  were  taken  from  each  plot,  each  6  by  6  inches  area,  and  to 
a  depth  of  8  times  9,  or  27  inches. 

The  following  table  shows  the  percentage  of  nitrogen  in  the  sorfaoe 
soil  of  the  continuously  unmanured  plot,  and  of  three  plots  with 
mineral  manure  alone : — 

Table  XII. — Barnfield  Root-ceop  Land. 

Nitrogen,  per  cent,  in  dry  Mould,  first  ^  inches, 
[Root-crops  (except  barley  three  years)  40  years  in  succession,  1843-1882  indosiTe.] 


Description  of  Manure. 
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Plot  3. — Unmanured    

Plot  4. — Mixed  mineral  manure 

Plot  5. — Superphosphate  alone 

Plot  6. — Superphosphate  and  potash. 

Mean  of  plots  4,  5,  6 


Percent 
0-08S2 


0  09S4 
0  0688 
0*0867 


0-0696 


Having  only  taken  samples  once,  we  have,  of  course,  no  means  of 
comparing  the  condition  of  the  land  as  to  its  percentage  of  nitrogen 
at  different  periods.  The  point  to  he  observed  in  the  results  given  in 
the  table  is,  that  each  of  these  four  plots,  which  have  received  no  nitro- 
genous manure,  shows,  after  twenty-seven  years  of  experiment  (twenty- 
four  years  roots  and  three  years  barley),  a  lower  percentage  of  nitngen 
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in  the  snrface  soil  than  has  been  found  in  any  of  the  other  experi- 
mental fields ;  though  determinations  made  in  samples  from  other  parts 
of  t<he  same  field,  and  also  in  an  adjoining  field,  show  considerably 
higher  results.  The  nearest  approach  to  so  low  an  amount  in  any 
other  field  is  where  the  land  had  been  under  alternate  wheat  and 
fallow,  without  manure,  for  more  than  thirty  years. 

It  will  be  remembered  that  the  root-crops  gave,  with  mineral 
manure  alone,  a  very  much  higher  yield  of  nitrogen  than  the  cereals 
in  the  earlier  years,  and  as  low  a  yield  in  the  later  years.  That  they 
did  not  give  less  still  is  probably  owing  to  the  fact  that  their  growth 
extends  later  in  the  season  than  that  of  the  cereals,  by  virtue  of 
which  they  are  probably  enabled  to  arrest  the  nitric  acid  formed 
within  the  soU  during  the  early  autumn  months,  which  in  the  case  of 
the  cereals  would  be  more  subject  to  loss  by  drainage. 

Both  the  mechanical  conditions  of  surface  soil  known  to  be  favour- 
able for  the  growth  of  the  root-crops,  and  the  large  amount  of  fibrous 
root  they  throw  out  near  the  surface,  are  indications  of  an  active 
demand  on  the  resources  of  the  upper  layers  of  the  soil,  and  are  per- 
fectly consistent  with  the  supposition  that  their  growth  has  led  to  a 
greater  reduction  in  the  stores  of  nitrogen  of  the  superficial  layers 
than  in  the  case  of  any  of  the  other  crops. 

The  evidence  afforded,  both  by  the  facts  of  production,  and  by  the 
determinations  of  nitrogen  in  the  soil,  is  indeed  strongly  in  favour  of 
the  view  that  the  source  of  the  nitrogen  of  the  root-crops,  as  of  the 
cereals,  is,  when  grown  without  nitrogenous  manure,  the  soil  itself, 
and  the  small  quantity  of  combined  nitrogen  annually  contributed  by 
rain,  and  the  minor  aqueous  deposits  from  the  atmosphere.  It  is  said, 
however,  that  these  crops  require  a  certain  amount  of  nitrogen  to  be 
supplied  by  manure,  and  that  they  are  able  to  take  up  the  remainder 
from  atmospheric  sources.  The  facts  of  production  recorded  at  page  11 
afford  no  countenance  to  such  a  view.  We  conclude,  indeed,  that  the 
dependence  of  these  crops  for  their  nitrogen,  on  the  stores  of  the  soil 
itself,  or  on  supplies  by  manure,  is  as  clearly  established  as  in  the  case 
of  the  cereals. 


Is  THE  Soil  a  Soubcb  of  the  NixRoaEN  op  the  Lequminosj:  P 

We  have  now  to  consider  the  bearing  of  the  evidence  on  the 
question  of  the  sources  of  the  nitrogen  of  the  Leguminos® ;  and  here 
we  approach  not  only  the  most  important  but  the  most  difficult  part 
of  our  subject. 


tk  ([ntuuiu  ueciiae  in  ute  percentage 
but,  considering  the  little  tendency 
root  in  the  superficial  lajers,  it  may 
tion  is  dne  to  exhaustion  by  the  dii 
to  nitrification  and  pasaage  of  the  ni 

Nitrogen  in  the  Soils  of  the 

The  moat  important  of  the  leg 
has  been  made  is  red  clover.  In 
nitrogen  over  twenty-two  years,  18 
ever,  was  any  crop  obtained.  The 
with  some  modifications ;  and  in  18', 
in  nine  of  the  last  ten  trials  the  pla 
and  spring  succeeding  the  sowing  < 
Lave  since  been  obtained,  and  in  K 
taken  from  five  places  where  no  niti 
&om  the  commencement,  aad  at  eaci 
each.  Exactly  corresponding  sampl 
diately  adjoining  plot,  which  had  b 
wheat  and  fallow,  without  mannre 
determined  in  each  of  the  five  sepan 
ture  of  the  five.     Table  XIII  samiaa 
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Table  XIII. — Hoosweld  Clover,  and  Wheat  and  Fallow,  Land. 

Nitrogen  per  cent,  in  dry  Mould,  first  9  inches. 

[BxperimenU  more  than  30  yean.] 


Mean. 

1881. 

CloTer  Land. 

FaUowLand. 

Mean  of  determinations  on  fiye  separate  samples 

IffiA^n  nn  the  miztiii*e  of  the  fivA  H&mpleii ..,.,,. 

Per  cent. 
0  1067 
0  1066 

Per  cent. 

0  0926 
0'0QS4 

Mean  .■■.•■t<itiftttt««..«.t. ...... ...... 

0-1061 

0  0966 

It  is  true  that  the  tendency  of  the  evidence  on  the  point  is  to  show 
that  red  clover  derives,  at  any  rate  mnch  of  its  nitrogen,  from  the 
lower  layers  of  the  soil ;  bnt  it  is  surely  significant  that,  after  the 
growth  of  heavy  crops  in  1849,  when  the  land  was  in  ordinary  condi- 
tion as  to  manuring  and  cropping,  and  the  constant  failure  since,  there 
is,  coincidently  with  this,  nearly  as  low  a  percentage  of  nitrogen  in  the 
surface  soil  as  with  alternate  wheat  and  fallow  without  manure.  It  is 
obvious  that  any  accumulation  near  the  surface,  due  to  residue  from 
the  small  crops,  has  been  more  than  compensated  by  exhaustion.  The 
eyidence  afforded  by  the  figures  maybe  said  to  be  of  a  somewhat 
negative  character ;  but  it  is  at  any  rate  clear  that  failure  of  growth 
of  the  clover  has  been  associated  with  a  declining,  and  a  very  low, 
percentage  of  nitrogen  in  the  surface  soil. 

The  next  resxdts  are  of  a  very  much  more  definite  character.  They 
relate  to  the  two  portions  of  the  field  which  had  grown  six  com  crops 
in  succession  by  artificial  manures  alone,  was  then  divided  (in  1873), 
and  on  one  half  clover  (sown  in  the  previous  year),  and  on  the  other 
half  barley,  was  grown.  Table  I  shows  that  in  the  clover  crops 
151*3  pounds,  and  in  the  barley  only  37*3  pounds  of  nitrogen  were 
removed.  Yet,  in  the  next  year  (1874),  barley  being  grown  over 
both  portions,  the  one  which  had  yielded  151*3  pounds  in  clover 
now  yielded  69*4  pounds  in  barley ;  and  the  other,  which  had  yielded 
only  37*3  in  barley,  now  yielded  only  39*1  pounds  in  barley. 

In  October,  1873,  after  the  clover  and  barley  had  been  removed, 
and  before  the  land  was  ploughed  up,  samples  of  the  soil  were  taken 
as  follows :  From  each  portion  four  separate  samples,  each  12  by  12 
mohes  area  and  9  inches  deep,  and  the  nitrogen  was  deiAcmis^  Va. 
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each  Beparflte  sample,  and  oho  in  ojl  equa.1  mixtoro  of  tbe  four.  Si  i 
other  samples,  each  tf  by  C  by  9  inchea,  were  also  takm  from  ekdiof  ' 
the  two  portions,  and  tlio  six  samplea  representing  eiicb  parti'ju  wttt  , 
mixed,  and  tbo  nitrogen  determined  in  the  mixtare.  At  each  platt  < 
cotreaponding  separate  saniples  were  token,  and  mixtores  made,  N>  i 
presenting  respectively  the  second  and  the  third  9  indie*  of  iefA.  | 
In  ail  cases  tliree  and  in  many  four  determinations  of  nitmgen  mn  | 
made  on  each  samplo.  The  following  table  gives  tLe  mean  molUia  | 
each  of  the  four  separate  samples,  the  mean  of  these,  the  mean  a 
mixtnre  of  the  four,  the  mean  on  the  mixtore  of  the  six,  and  tKe  i 
of  all  ;— 

Table  XIV. 

Experimental  Olover  and  Barley  Land. 

[Nitrogen  per  cont.  in  drj  Mould,  first  9  inches.] 


1873. 

CloTcP  I«ni 

BwlrjIdM. 

aample  No.  1  (12  x  12  x  9  inchei) 

PerccnL 
0-157* 
0-1629 
0-14S4 
OlliSl 

VaaA. 

0-ita 

Mnui  on  the  four  aepurate  iamplm  (12  x  12  x  9  incbn) 
Mean  on  a  raiitiire  of  tlie  four  euinnlea  (12  x  12  x  0  uib.) 
MBftD  on  (L  miituro  of  flii  samplw  (6  K  6  X  9  inohw) . . . . 

0  15S* 
0  1666 
01678 

0  1*11 
0  1387 

o-iiac 

0  16»Je 

The  determinations  on  the  individual  samples  given  in  the  nfp* 
portion  of  the  table  (XIV),  foruibly  illustrate  the  icapplicabiiitj  nf 
results  obtained  on  ainglo  samples  of  soil.  Bat  the  accordance  rf 
the  mean  results  of  the  three  sets  of  determinations  for  the  clonr 
land,  and  again  of  the  three  for  the  barley  land,  can  Iean>  no  donU 
whatever  that  there  was  a  considerably  higher  percentage  of  nitrog« 
in  the  first  9  inches  of  the  clover  ground  than  to  Ute  ■ams  deplk  rf 
the  barley  ground. 

The  rcsattsmnst,  indeed,  beaccepted  as  indicating  n  markod  difttnp-  i 
tion,  which,  in  direction,  is  entirely  cousistent  with  whftt  is  kaovn  of  \ 
the  influence  of  a  clover  crop  as  a  preparation  for  a  s 
one,  and  entirely  consistent  with  tbe  results  actual 
barley  succeeding  tbe  cV™"      '^*    '-    ^~— 
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that  tHe  figures  correctly  represent,  in  degree,  the  average  difference 
in  tHe  composition  of  the  first  9  inches  of  the  two  plots ;  for,  calcu- 
lated per  acre,  the  excess  of  nitrogen  in  the  surface  soil  of  the  clover 
plot  would  represent  an  accumulation  equal  to  about  twice  as  much 
as  was  removed  in  the  three  cuttings  of  the  clover,  notwithstanding  all 
Tisible  vegetable  debris  was  removed  before  the  soils  were  submitted 
to  analysis  ;*  nor  have  the  subsequent  crops  benefited  as  much  as  might 
have  been  expected  from  such  an  amount  of  accumulation.  On  the 
other  hand,  samples  taken  in  1877  still  show  a  higher  percentage  of 
nitrogen  in  the  surface  soil  of  the  clover  than  of  the  barley  land. 

It  is,  at  any  rate,  obvious  that  the  surface  soil  of  the  clover  ground 
has  gained  nitrogen,  either  from  above  or  from  below — ^from  the 
atmosphere  or  from  the  subsoil.  And,  so  far  as  the  determinations  of 
nitrogen  in  the  subsoils  go,  the  indication  is  that,  if  from  below,  it  is 
at  least  mainly  from  a  lower  depth  than  27  inches. 

It  is  freely  admitted  that,  in  the  facts  of  this  experiment  as  they 
stand,  there  is  no  evidence  as  to  the  source  of  the  large  amount  of 
nitrogen  of  the  clover  crop,  and  of  the  increased  amount  of  it 
in  the  surface  soil.  In  the  absence  of  such  evidence,  it  is  natural 
enough  to  assume  that  the  atmosphere  has  been  the  source.  But 
whilst  there  is  absolutely  nothing  in  favour  of  this  view  excepting 
the  fact  that  an  explanation  is  needed,  and  that  if  that  source  were 
established  the  difficulty  would  be  solved,  there  is,  to  say  the  least, 
much  more  evidence  in  favour  of  the  supposition  that  the  subsoil  has 
been  the  source  of  at  any  rate  much  of  the  nitrogen. 

Tlie  Soils  of  the  Melilotus  leucantha  and  White  Clover  Plots, 

Keference  has  already  been  made  to  the  enormous  growth  of 
Melilotits  leucantha,  and  the  enormous  amount  of  nitrogen  it  yielded, 
for  several  years  in  succession,  on  the  land  where  no  nitrogen  had 
been  applied  for  more  than  thirty  years,  and  where  red  clover  had  so 
frequently  failed  (p.  12).  The  crop  of  1882,  the  fifth  in  succession, 
was  the  highest,  and  the  yield  of  nitrogen  in  it  was  not  far  short  of 
150  pounds  per  acre ;  whilst,  under  exactly  similar  conditions,  ordi- 
nary  red  and  white  clover  gave  "vqtj  small  produce.  Accordingly,  as 
soon  as  the  crops  were  removed,  samples  of  soil  were  taken  from  one 
of  the  melilotus  plots,  and  from  the  corresponding  white  clover  plot. 
Samples  were  taken  from  two  places  on  each  plot,  and  in  each  case  to 

•  This  was  more  completely  done  in  the  case  of  the  four  12  x  12  x  9  inch  samples, 
than  in  that  of  the  six  6  x  6  x  9  inch  ones,  and  the  latter  are  seen  to  gire  slightly 
higher  percentages  of  nitrogen. 
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the  depth  of  six  times  9  inohes,  or  in  all  54  inches.  The  examination 
of  these  samples  of  soil  is  as  yet  very  incomplete,  bat  the  following 
interesting  facts  have  been  ascertained  : — 

Whilst  the  strong  roots  of  the  melilottu  were  fonnd  to  penetrate 
to  the  lowest  depths  of  the  sampling,  there  was  very  little  develop- 
ment of  white  clover  roots  beyond  the  surface  soil.  Whilst  to  the 
eye,  and  to  the  hand,  the  subsoil  where  the  melilotus  had  grown  was 
obviously  pumped  dry,  and  was  somewhat  disintegrated,  to  the  fnll 
depth  sampled,  that  of  the  clover  plot  had  no  such  characters.  De- 
terminations of  moisture  in  the  soils  and  subsoils  show,  at  each  of  the 
six  depths,  much  less  water  in  the  melilotiAs  than  in  the  white  clover 
soils ;  and  the  difference  is  by  far  the  greater  in  the  lower  depths. 
Calculated  per  acre,  it  would  appear  that,  to  the  depth  of  54  inches, 
the  melilotus  soil  had  lost  approximately  540  tons  more  water  per 
acre  than  the  white  clover  soil ;  and  there  can  be  no  doubt  that  the 
pumping  action  had  extended  deeper  still. 

There  is  here,  then,  clear  evidence  that  the  plant,  whose  habit  of 
growth,  and  especially  whose  rauge,  and  feeding  capacity,  of  root, 
suited  it  to  the  conditions,  was  enabled  to  take  up  much  more  water, 
and  doubtless  with  it  much  more  food,  than,  under  exactly  similar 
conditions  of  soil,  were  at  the  command  of  the  plant  of  the  much 
weaker  and  more  restricted  development. 

Nitrogen  as  Nitric  Acid  in  the  Melilottis  and  White  Clover  Soils. 

That  the  deep-rooting  melilotus  did  derive  more  nitrogen  from  the 
subsoil  than  the  shallow-rooting  white  clover  is  obvious  from  the 
following  facts: — ^Watery  exhausts  were  made  of  each  soil,  at 
each  depth,  and  the  nitrogen  as  nitric  acid  determined  in  them,  bj 
Schlosing*s  method,  as  nitric  oxide,  by  its  reaction  with  ferrous  salts. 

The  following  table  summarises  the  results  : — 
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Table  XV. 
Nitrogen  as  Nitric  Acid, 


Per  million,  dry  Soil. 

Per  Acre. 

Melilotus 
SoU. 

White 
Clover  Soil. 

Melilotus 
SoU. 

White 
Clover  Soil. 

Difference. 

int  9  inches 

eoond  9  inches 

liird  9  inches 

i'ouith  9  inches 

fifth  9  inches 

lixth  9  inches 

1*28 
0*36 
0*21 
0*88 
0-28 
0-66 

8*24 
110 
0-66 
108 
1-46 
1-77 

lbs. 
8*89 
0-97 
0-61 
0*99 
0*84 
1-65 

lbs. 
8-59 
2-97 
1-91 
8*09 
4-38 
6 -81 

lbs. 

6*20 

2-00 

1*80 

2- 10 

8-54 

8-66 

Total 

•  • 

•  • 

8-45 

26-25 

17-80 

Thns  the  melUotvs  bad  not  only  ezbansted  the  water,  bnt  the  nitric 
cid  of  the  soil,  at  each  depth  very  much  more  than  the  white  clover 
ad  done ;  and  the  difference  is  very  marked,  and  increases,  at  the 
>wer  depths.  It  is  seen  that  in  the  case  of  the  wliite  clover  soil  there 
)  a  diminishing  amount  of  nitric  acid  from  the  first  to  the  third  depth, 
nd  then  an  increasing  quantity  to  the  sixth  depth.  There  was,  in 
BMst,  about  the  same  total  amount  found  in  the  three  lower  as  in  the 
bree  upper  layers.  It  may  fairly  be  supposed  that  there  is  greater 
oncentration  lower  still,  and  that  the  exhausting  action  of  the  melilotus 
xtended  beyond  the  depth  examined. 

There  is  here  direct  evidence  that  the  soil  is  the  source  of  at 
ny  rate  some  of  the  excess  of  nitrogen  of  the  melilotus  over  that  in 
he  white  clover.  The  quantity,  and  the  distribution,  of  nitric  acid 
u  the  soil  at  any  one  time  are  so  dependent  on  temporary  conditions, 
hat  it  would  be  fallacious  to  attempt  to  estimate  from  the  figures  as 
bey  stand  the  exact  amount  which  the  melilotus  has  taken  up  more 
ban  the  white  clover.  Then  it  is  obvious  that  the  action  extended 
lelow  the  depth  examined ;  and  it  is  a  question  whether,  with  the 
;reater  disintegration,  and  greater  aeration,  nitrification  would  not  be 
avoured  in  the  lower  depths,  and  if  so  the  supply  would  be  in  a  sense 
iumulative.  Lastly,  it  may  be  that  the  deeply  and  widely  distributed 
nelilotus  roots  have  the  capacity  of  taking  up  nitrogen  from  the  soil 
Q  other  forms  than  as  nitric  acid. 
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Nitrogen  as  Nitric  Acid  in  oth^r  Soils  and  Subsoils. 

It  will  be  some  further  aid  in  judging  of  the  possibility  or  pro- 
bability that  the  nitric  acid  in  the  soil  and  subsoil  may  be  an  adequate 
source  of  the  nitrogen  of  the  Leguminos^e,  if  we  quote  a  few  results 
indicating  the  amount  of  nitric  acid  found  in  some  other  soils  under 
known  conditions. 

In  the  first  place,  three  soil  drain-gauges,  one  with  20,  one  with  40, 
and  one  with  60  inches  depth  of  soil,  in  its  natural  state  of  consolida- 
tion, and  each  of  one-thousandth  of  an  acre  area,  have  been  under 
experiment  for  between  eleven  and  twelve  years.  No  manure  has  been 
applied  to  these  soils,  nor  have  they  grown  any  crop,  from  the  com- 
mencement. The  drainage  has  been  regularly  collected  and  measured ; 
and  for  nearly  the  whole  of  the  last  five  years  the  nitric  acid  bu 
been  determined  in  monthly  average  samples  of  the  drainage  waters. 
Taking  the  result  of  the  three  gauges,  for  four  harvest-years  (Sep- 
tember I,  1877,  to  August  31,  1881),  these  soils,  which  had  been 
about  six  years  without  any  manure  at  the  commencement  of  the 
period  under  consideration,  have  lost  by  drainage  an  average  of  nearly 
43  pounds  of  nitrogen  as  nitric  acid  per  acre  per  annum,  of  whidi 
perhaps  not  much  more  than  5  pounds  would  be  due  to  rain  and  con- 
densation of  combined  nitrogen  from  the  atmosphere.  In  fact,  about 
35  pounds,  or  perhaps  more,  would  appear  to  have  been  annually  due 
to  the  nitrification  of  the  nitrogenous  matter  of  these  unmanured  soils. 
It  has  to  be  borne  in  mind,  however,  that  the  blocks  of  soil  having 
access  of  air  from  below  as  well  as  from  above,  the  nitrification  may 
have  been  freer  than  it  would  be  in  soil  in  its  ordinary  condition. 

Again,  in  some  of  the  samples  of  soil  taken  from  the  plots  in  the 
experimental  wheat  field,  in  October  1865,  and  in  many  of  those  taken 
in  October  1881,  that  is  in  each  case  about  two  months  after  the 
removal  of  the  crop,  the  nitric  acid  has  been  determined. 

In  the  case  of  one  plot  sampled  in  1865,  which  had  received 
annually  mixed  mineral  manure  and  ammonium  salts,  determinationB 
made  in  1866  (by  Dr.  Pugh*s  method),  showed  nearly  76  pounds  of 
nitrogen  as  nitric  acid  per  acre  to  the  depth  of  27  inches.  As,  how- 
ever, these  soils  had  been  stored  in  a  rather  moist  condition,  it  is 
possible  that  nitrification  may  have  taken  place  after  the  collection, 
and  that  the  results  are  so  far  somewhat  too  high. 

The  following  table  (XYI)  gives  an  abstract  of  the  results  of  the 
determinations  of  nitrogen  as  nitric  acid  in  the  1881  samples  of  the 
experimental  wheat  field  soils : — 
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Table  XVI. 
Nitrogen  as  Nitric  Acid, 


Ck)iDplex  Mineral  Manure 


and 

Ammonium 

Salts. 


and 
Sodium 
Nitrate. 


Sodium 

Nitrate 

alone. 


Unmanured 
continuously. 


Fer  Million  Dry  Soil, 


Per  Acre, 


nches 

lbs. 
22-8 
11-3 
6-8 

lbs. 
19-7 
10  0 

8-3 

lbs. 
16-3 
20  1 
18  0 

lbs. 
9-7 

d  inches   

in^^bAfl  » ^ . .  ^  ^ . .  ^  - 

6-2 
2*8 

Total 

39-9 

38  0 

54*4 

17*7 

OS,  in  these  1881  samples,  collected,  like  those  in  1865,  about 
Dntlis  after  the  removal  of  the  crops,  the  amounts  of  nitric  acid 
to  the  depth  of  27  inches  only,  represented — in  the  soil  of  the 
3ceiying  mixed  mineral  manare  and  ammonium  salts,  39*9 
s  of  nitrogen  per  acre  to  that  depth ;  in  that  of  the  plot  receiving 
me  mineral  manure  and  sodium  niti'ate,  38  pounds ;  in  that  of 
)t  to  which  nitrate  of  soda  alone  is  annually  applied,  54*4  pounds; 
the  soil  of  the  continuously  unmanured  plot,  17' 7  pounds, 
in  the  case  of  the  white  clover  land,  in  all  cases  (except  with  the 
alone),  the  amount  decreased  from  the  first  to  the  third  9  inches 
th  from  the  surface ;  and  if,  as  in  that  case,  it  increased  in  the 
lepths,  and  in  anything  like  the  same  degree,  we  have  evidence 
tnsiderable  store  of  nitric  acid  available  for  such  plants  as,  by 
of  their  habit  of  growth,  are  able  to  gather  up  the  residue 
ilated  within  the  subsoil. 

t^erminations  made  in  samples  collected  in  the  experimental  rota- 
eld,  in  September  1878,  showed  the  following  amounts  of 
;n  as  nitric  acid  per  acre  to  the  depth  of  18  inches  : — 


Samples  collected  &t  the  same  i 
wheat  and  fallow  plots  Bhoned  to  t 


After  fallow 

After  wbeet 

Differenoe    

Laatly,  two  fields  whioli  had  b 
ordinary  coarse  of  the  fbrm,  and  hi 
autumn,  ihowed,  according  to  detai 
October  1881,  the  following  amoai 
acre  to  the  depth  of  27  inches : — 

ClAjcrofl  Seld 

Foster's  field   

Thus  there  woe  very  much  leie  i 
soils  to  the  depths  examined,  after  t 
beans,  as  well  as  after  that  of  the  g 
corresponding  fallow  soils ;  indical 
some,  at  any  rate,  of  the  nitrogen  ol 

It  will  be  Been,  however,  that 
receiving  nitrogenous  manare,  the  ( 
deotha  BiaminHH    I'o  -utnTr  foi>  f.w%™ 
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lot  to  be  expected  that  the  amonnt  foand  within  snch  limits  at  any 
^ven  time  would  represent  more  than  a  fraction  of  that  which  would 
le  aYailablCj  even  within  that  range,  during  the  long  period  of  growth 
fi  the  clover  crop.  Then,  the  indications  are  that  there  is  considerable 
ccQinulation  beyond  the  depth  to  which  most  of  our  examinations 
>pply.  Still,  it  is  difficult  to  suppose,  with  the  evidence  at  command, 
hat  the  whole  of  the  nitrogen  which  has  to  be  accounted  for,  either 
D  the  Melilotus,  or  in  the  clover  and  barley  experiment,  can  be 
.ttributed  to  that  source.  There  remains  the  question  whether  the 
oots  of  the  plant  do  not  take  up  nitrogen  from  the  soil  in  other 
tates  than  as  nitric  acid. 

Finally  in  regard  to  the  experiments  with  clover  and  barley,  it  is 
admitted  that  the  various  results  of  soil  examinations  which  have 
)een  adduced  do  not  conclusively  show  the  source  of  the  whole  of 
he  nitrogen  to  have  been  the  soil.  It  will,  we  think,  nevertheless 
le  granted,  that  they  do  clearly  point  to  the  fact  that  at  any  rate 
Quch  of  it  is  derived  from  that  source ;  whilst  there  is  no  evidence 
whatever  of  an  atmospheric  source  of  more  than  the  small  amount  of 
ombined  nitrogen  coming  down  in  rain,  and  the  minor  aqueous 
l^KMits,  and  the  probably  still  smaller  amount  absorbed  from  the 
imosphere  by  the  porous  soil. 

Nitrogen  in  some  of  the  Soils  of  the  Experimental  Mixed  Serhage  Plots, 

The  results  next  to  be  referred  to  will  afford  additional  evidence  of 
be  soil-source  of  the  nitrogen  of  the  LeguminossB. 

In  Table  III  it  was  shown  that  in  the  mixed  herbage  of  permanent 
jSBB  land,  without  manure  33*0  pounds,  and  with  a  purely  mineral 
lanure  (including  potash)  55*6  pounds  of  nitrogen  were  yielded  per 
csre  per  annum  in  the  crop  over  a  period  of  twenty  years.  Whence 
omes  the  22*6  pounds  more  nitrogen  per  acre  per  annum  taken  up 
rhen  the  mineral  manure  was  applied  than  without  manure  ? 

After  twenty  years  of  continuous  experiment,  samples  of  soil 
rere  taken  from  three  places  on  each  plot,  and  in  each  case  to  the 
epth  of  six  times  9  inches,  or  54  inches.  The  mean  results  of  the 
eterminations  of  nitrogen  in  the  surface  soils  of  the  unmanured 
lot,  and  of  the  plot  receiving  a  complex  mineral  manure  (including 
otash),  are  given  in  Table  XVII  which  follows : — 
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Table  XVII. — Experiments  on  Permanent  Meadow  Land. 
Nitrogen,  per  cent,  in  dry  Mould,  and  per  Acre, 


1870. 

1876, 

1878. 

Plot  3. — TJnmaniired 

Per  cent. 
0  -2517 

.  • 

•  • 

•  • 

Per  cent. 
0-2466 
0-2236 

9  9 

Plot  7. — Mixed  mineral 

manure,  including  potash 

0-2246 

Difference  .  • 

0  0230 

lbs. 
606  0 
25-3 

Difference  per  acre 

r  Total  20  years  .... 
\  Average  per  annum 

•  • 

Although  we  have  not  previously  quoted  the  fignres,  we  liave  on 
several  occasions  stated  in  general  terms  that  determinations  of  nitro- 
gen show  a  lower  amount  in  the  mineral-manured  soil,  approximatelj 
corresponding  to  the  increased  yield  in  the  crop. 

It  is  in  reference  to  our  statements  on  this  point  that  M.  Joulie  has 
called  in  question  the  possibility  of  obtaining  results  of  the  kind  appli- 
cable to  our  argument.  He  takes  the  fact  of  the  increased  yield  of 
nitrogen  under  the  influence  of  purely  mineral  manure  as  conclusive 
proof  of  the  atmospheric  source  of  the  increased  amount  of  nitrogen 
assimilated.  He  assumes  that  our  calculations  are  based  on  determi- 
nations of  nitrogen  in  a  sample  of  the  mixed  soil  to  the  total  depth  of 
54  inches.  He  calculates  that  in  the  mass  of  soil  to  that  depth  tbe 
difference  in  the  amount  in  the  two  cases  would  be  far  too  small 
to  furnish  a  justification  for  the  important  conclusion  that  the  sofl 
was  the  source  of  the  nitrogen.  He  objects  that  the  roots  of  suck 
herbage  would  derive  their  nutriment  chiefly  in  the  superficial  layers. 
He  further  objects  that  if  the  diflerence  we  assume  were  a  fact,  it  ii 
probably  due  to  an  accidental  difference  in  the  soil  of  the  two  plois, 
such  a  difference  having  been  admitted  by  us  in  the  case  of  another 
plot.  Lastly,  he  suggests  that  if  there  really  were  the  reduction  we 
suppose,  it  might  be  due  to  other  causes — such  as  increased  activitj 
of  nitrification  under  the  influence  of  the  mineral  mannre  and  passage 
of  the  nitrates  downwards. 

In  the  first  place,  in  the  case  of  the  irregularity  in  the  condition 
of  one  of  the  plots  referred  to,  the  difference  was  readily  seen  in  the 
section  of  the  soil,  and  there  was  no  such  difference  in  the  instaDoe 
now  under  consideration. 

Then  it  is  the  determination  of  nitrogen  in  the  first  9  inches  of  toil 
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lone,  to  which  we  have  hitherto  referred,  and  to  which  we  confine 
ttention  on  the  present  occasion. 

In  the  next  place,  that  the  difference  in  the  condition  of  the  two 
lots  is  not  merely  local  is  shown  by  the  fact  that  the  determinabions 
a  a  sample  from  the  nnmanured  plot  taken  in  1870  entirely  confirm 
ae  relative  composition  shown  by  the  samples  of  1876.  Again,  the 
)wer  percentage  of  nitrogen  in  the  1876  samples  of  the  mineral 
lanared  plot  is  entirely  confirmed  by  the  results  obtained  on  samples 
iken  in  1878.  Further,  of  the  twenty  experimental  plots,  there  is 
nly  one  other  showing  so  low  a  percentage  as  the  mineral-manured 
lot,  and  that  is  the  one  which  had  received  the  same  mineral  manure, 
•ut  for  a  shorter  series  of  years. 

We  have  in  fact  no  doubt  whatever  that  the  differences  indicated  by 
he  figures  are  real,  and  dependent  on  the  conditions  of  manuring  and 
f  growth.  The  reduction  is,  moreover,  very  great,  amounting  to 
learly  one- tenth  of  the  total  quantity  of  nitrogen,  and  far  beyond 
he  limits  of  accidental  difference  in  the  sampling  or  the  analysis. 

Calculated  per  acre,  the  surface  soil  of  the  mineral-manured  plot 
ontained,  at  the  end  of  the  twenty  years,  506  pounds  less  nitrogen  than 
he  soil  of  the  nnmanured  plot  to  the  same  depth,  corresponding  to  an 
imnal  reduction  of  25*3  pounds  of  nitrogen  per  acre  per  annum.  It 
3y  to  say  the  least,  a  very  remarkable  coincidence  that  the  increased 
^eld  of  nitrogen  in  the  crop  on  the  mineral-manured  plot  which  has 
o  be  accounted  for  is  22*6  pounds  per  acre  per  annum. 

We  do  not  pretend  to  claim  absolute  accuracy  for  such  results,  but 
re  ourselves  entertain  no  doubt  whatever  of  their  significance  and 
heir  importance. 

It  will  be  asked — How  is  it  that  in  the  case  of  the  red  clover,  and 
he  melilotuSf  it  was  concluded  that,  so  far  as  the  plants  had  derived 
heir  nitrogen  from  the  soil,  it  was  at  any  rate  mainly  from  the  lower 
.epths,  and  that  here,  in  the  case  of  the  permanent  mixed  herbage 
(lots,  we  assume  the  increased  yield  of  nitrogen  to  be  derived  from 
he  surface  soil  ? 

Under  the  influence  of  the  mineral  manure,  a  larger  proportion 
nd  amount  of  leguminous  herbage  was  developed  than  on  any  other 
►lot ;  but  the  leguminous  plant  the  most,  indeed  very  prominently, 
avonred  was  the  Lathyrus  pratemns,  which  throws  out  an  enormous 
lUantity  of  root  near  the  surface ;  and  it  is  sufficiently  established 
hat  the  potash  of  artificial  manures  remains  almost  exclusively  in  the 
uperficial  layers.  On  the  other  hand,  the  perennial  red  clover,  and 
he  Lotus  cornioulatus,  which  have  a  much  more  deeply-rooting  ten- 
iency,  are  comparatively  little  encouraged. 
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TLe  nctual  amount,  of  le^minong  horbngF  pr(u)nc«ic),  bowpnrr, 
not  Bufficiect  to  accoant  for  nearly  the  whole  of  the  tacreaaed  Tid 
of  nitrogen  in  the  produce  of  the  plot.  Thp  ffict  is  ihut,  besiil«< 
porport  ion  ally  very  large  iucreasc  id  the  growth  of  lo^mincioit  Iw* 
bagc,  there  has  been  a  gradually  increasing  amonnt  of  gramii 
prodncB  develnped  ;  tar  beyond  what  wonld  be  anticipated  frnm  ih» 
extremely  Hniited  pffect  of  Buch  manares  on  gramini^uus  cropa  (imwa 
BBpai-atf'ly  on  arable  land.  How  Ear  this  result  may  lie  due  ' 
increased  tendency  of  the  gra-iBPS  to  form  stem,  and  to  ripen,  aniiT 
Buch  conditions ; — how  far  to  more  active  uitritication  induced  ondif 
the  in6aence  of  the  mineral  mannre  in  the  much  more  highly  nitP> 
f^noQS  grn«>j-1ar<l  than  in  the  poorer  amble  soil,  and  bo  yiddinffi 
direct  supply  to  the  Gi-amineee  of  the  mixed  herbage  ; — or  how  f«lo 
an  increased  Bupply  in  a  eondilion  available  for  the  grasses  u  ti# 
result  of  a  previously  increased  growth  of  tlie  Legnmiiioaw,  mfcT  i* 
s  qaestiou.  Bat  it  is  of  interest  to  note  that  the  gramineous  •prai* 
that  are  developed  are  among  the  most  suporficially  rooting  of  tbc 
grasses  found  on  the  experimental  plots. 

Before  leaving  the  aobject  of  these  esperimente  on  the  vaai 
herbage  of  grasa  land,  it  may  h^  well  to  call  attention  to  the  fact  tluU, 
on  the  aasumption  that  the  whole  of  the  nitrogen  of  tho  Wtwe, 
beyond  the  small  amount  of  already  combined  nitrogmi  contribnUdl^ 
rain  and  condensation  from  the  atmosphere,  is  derived  from  tlw  uni!, 
we  have  to  conelndo  that  about  25  ponude  per  acre  per  annam  hat< 
been  yielded  by  tho  soil  of  the  nnmannrod  plot,  and  nearly  «■  Bdd)- 
'tional  25  pounds,  or  in  alt  abon(>  '•(>  ponnds,  from  the  ininer*!- 
manured  plot.  It  was  cstimsted  that,  in  the  caxc  of  the  contiDaoU 
wheat  experiments,  about  20  pounds  of  nitrogen  had  bi-en  aimullj 
obtained  in  the  crop,  and  a  minimnm  of  12  pounds  lost  by  dnuaafr*; 
in  all  3*2  pounds.  It  cannot  fail  to  be  observed  how  clonely  Ihit 
amount  corre.spoiids  with  the  annual  yield  of  nitrogen  (33  poauda)  ia 
the  unmauured  mixed  herbage.  With  th«i  richer  grass-land,  thoagli  let* 
nitrated  than  arable  land,  it  might  bo  expected  theiti  nunld  \m  ataat 
increased  activity  of  nitrification,  even  in  the  anmannrm)  •oil}  *«>d 
there  may  be  some  loss  by  drainage.  But.  with  a  mixod  herla^  of 
some  50  species,  of  very  varying  habit  of  growth,  and  with  lh» 
posaessioa  of  the  soil  all  the  year  round,  it  ts  only  what  woold  ht 
expected  that  there  would  be  mure  of  iJie  avuilnblo  nitrogen  takon  tf 
by  the  crop,  and  less  lost  by  drainage,  limn  with  theoprcal  gmim«Dp>- 
rately  on  arable  land,  and  occupying  tho  M)il  for  ontj  a  ttsy  lunittd 
period  of  the  year. 

We  conclude,  Uien,  that  the  results  tvlating  to  Ibe  tm  nnwJ 
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herbage  plots  can  leaTe  little  donbt  that  the  increased  jield  of  nitro- 
gen in  the  more  highly  legnminons  produce  of  the  mineral-mannred 
plot  had  its  source  in  the  stores  of  the  soil  itself. 

Source  of  tJie  Nitrogen  of  Clover  Qrovni  on  Rich  Oar  den  Soil. 

We  have  one  more  illustration  to  bring  forward  having  an  import- 
ant bearing  on  the  question  of  the  sources  of  the  nitrogen  of  the 
Leguminosee. 

In  view  of  the  signal  failure  in  the  attempts  to  grow  red  clover  on 
a  nitrogen  exhausted  arable  soil,  it  is  of  much  interest  that  large, 
though  declining,  crops  have  been  grown  for  twenty-nine  years  in 
succession  on  a  small  plot  of  rich  kitchen- garden  soil. 

The  experiment  was  commenced  in  1854,  and  the  following  table 
fthowB  the  percentage  of  nitrogen  in  samples  of  the  first  9  inches  of 
soil,  taken  in  October  1857,  and  in  May  1879;  that  is,  with  an 
interval  of  twenty-one  seasons  of  growth.  In  1857  only  one  sample 
was  taken,  and  only  to  the  depth  of  9  inches ;  but  in  1879  three 
samples  were  taken,  in  each  case  to  the  depth  of  twice  9,  or  18  inches. 
The  results  given  in  the  table  relate  to  the  first  9  inches  of  depth 
only : — 


Table  XVIII. — Clover  Grown  on  Kitchen  Garden  Soil. 
Nitrogen,  per  cent,  in  dry  Mould,  and  per  Acre. 


1 
1857.      !       1879. 

Difference. 

Per  cent. 

Per  cent. 
0-3635 
0-3640 
0 -3G26 

Per  cent. 

0-5095 

0 -3634 

0  1461 

Per  acre,  total*    

lbs. 
9,528 

•  • 

lbs. 
6,796 

.  • 

lbs. 
2,732 
130 

Difference  dcp  acre  Dcr  annum 

The  percentage  of  nitrogen  giveu  for  the  single  sample  collected  in 
October  1857,  is  the  mean  of  determinations  made  in  1857,  1866,  and 

*  In  the  original  paper,  too  high  an  average  weight  of  soil  per  acre  was  adopted, 
and  hence  the  amounts  of  nitrogen  per  acre  were  estimated  to  be  higher  than  now 
given  ;  but  the  difference  was  onlj  9  pounds  more  (139)  than  according  to  the 
new  calculation. 


56 

1880,  and  is  almost  identical  with  the  mean  of  those  made  at  the  latest 
date. 

The  first  point  to  observe  is  that  the  first  9  inches  of  the  garden 
ground  contained  more  than  half  a  per  cent,  of  nitrogen,  nearly  four 
times  as  much  as  the  average  of  the  arable  soils,  and  nearly  five  times 
as  much  as  the  exhausted  clover  land  soil.  It  is  of  course  true  that 
the  soil  would  be  correspondingly  rich  in  all  other  constituents ;  but 
some  portions  of  the  arable  soil  where  clover  failed,  had  received 
much  more  of  mineral  constituents  by  manure  than  had  boon  removed 
in  the  crops. 

The  means  of  the  determinations  made  on  the  three  separate 
samples  taken  in  1879  are  seen  to  agree  very  well,  and  the  results  can 
leave  no  doubt  that  there  has  been  a  great  reduction  in  the  stock  of 
nitrogen  in  the  surface  soil.  The  reduction  amounts  to  nearly  29  per 
cent,  of  the  total.  Reckoned  per  acre,  as  shown  at  the  foot  of  the 
table,  it  corresponds  to  a  loss  of  2,732  pounds  during  the  twenty ^ne 
seasons  of  growth  ;  and  although  really  good  crops  are  still  grown  in 
most  years,  there  has  been,  with  this  great  reduction  of  the  stock  of 
nitrogen  in  the  soil,  a  very  marked  reduction  in  the  clover-growing 
capability  of  the  soil.  Thus,  during  the  first  fourteen  of  the  twenty- 
nine  years  of  the  experiment,  seed  was  sown  only  three  times ;  whilst 
during  the  last  fifteen  years  it  has  been  necessary  to  sow  ten  times.  It 
is  obvious,  therefore,  that  the  plant  stood  very  much  longer  during 
the  earlier  than  the  later  years.  Then,  again,  the  produce  from  the 
three  sowings  during  the  first  fourteen  years  was  nearly  twice  as 
much  as  has  been  obtained  since. 

The  question  obviously  arises — what  relation  does  the  amount  of 
nitrogen  lost  by  the  soil  bear  to  the  amount  taken  off  in  the  crops  P 
We  quite  admit  the  uncertainty  of  calculations  of  produce  per  acre 
from  the  results  obtained  on  a  few  square  yards.  We  are,  however, 
disposed  to  estimate  the  average  yield  of  nitrogen  over  the  twenty-one 
years  between  the  two  periods  of  soil  sampling  at  about  200  pounds 
per  acre  per  annum.  The  table  shows  that  against  this  we  have  an 
estimated  loss  of  nitrogen  by  the  first  9  inches  of  soil  of  130  pounds 
per  acre  per  annum,  corresponding  approximately  to  tiwo-thirds  of 
the  amount  estimated  in  the  crop. 

There  is,  however,  evidence  leading  to  the  conclusion  that,  in  the 
case  of  arable  soils  to  which  excessive  amounts  of  farm-yard  mannre 
are  applied,  there  may  be  a  loss  by  evolution  as  free  nitrogen ;  and. 
obviously,  so  far  as  this  may  have  occurred  in  the  garden  soil,  there 
will  be  the  less  of  the  loss  determined  in  the  surface  soil  to  be  credited 
to  assimilation  by  the  growing  clover. 
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On  tlie  other  hand,  it  is  known  that  when  growing  on  ordinary 
arable  soil,  the  clover  plant  throws  out  a  large  amount  of  roots  in  the 
lower  layers,  and  although  in  the  case  of  so  rich  a  surface  soil,  the 
plant  may  derive  a  larger  proportion  of  its  nutriment  from  that 
source,  we  must  at  the  same  time  snppose  that  it  has  also  availed 
itself  of  the  resources  of  the  subsoil.  Unfortunately,  we  did  not 
sample  deeper  than  9  inches  in  1857,  so  that  we  can  make  no  com- 
parison of  the  condition  of  the  subsoil  at  the  two  periods.  It  may, 
however,  be  observed  that,  in  1879,  the  second  9  inches  showed  about 
three  times  as  high  a  percentage  as  the  subsoils  of  the  arable  fields  at 
the  same  depth ;  indeed,  not  far  from  twice  as  high  a  percentage  as 
several  of  the  exhausted  arable  surface  soils.  It  cannot  be  doubted, 
therefore,  that  the  subsoil  of  the  garden  plot  has  contributed  to  the 
yield  of  nitrogen  in  the  crop. 

If,  then,  we  have  not  here  absolute  proof  that  the  source  of  the 
whole  of  the  nitrogen  of  the  clover  growing  on  the  garden  soil  was 
the  soil  itself,  we  have  surely  very  strong  grounds  for  concludiug  that 
much,  and  perhaps  the  whole  of  it,  has  been  so  derived. 

General  Conclusions. 

After  this  review  of  the  evidence  which  the  determinations  of 
nitrogen  in  the  soils  of  our  experimental  plots  afford,  we  end,  as  we 
began,  by  saying  that,  although  we  admit  the  facts  of  production  are 
not  yet  conclusively  explained,  we  maintain  that  there  is,  to  say  the 
least,  much  more  of  direct  experimental  proof  of  the  soil  than  of  the 
atmospheric  source  of  the  nitrogen.  Moreover,  we  submit  that  this 
may  be  said,  not  only  of  the  source  of  the  nitrogen  of  the  cereals,  but 
also  of  that  of  the  root-crops,  and  of  the  Leguminosae. 

If,  on  the  other  hand,  the  atmosphere  is  the  main,  if  not  the  ez- 
clnsive,  source  of  the  nitrogen  of  the  Leguminosad,  we  would  ask  here, 
as  we  have  asked  elsewhere — why  those  leguminous  crops  which  take 
up  the  most  nitrogen  can  be  less  frequently  grown  on  the  same  soil  ? 
Why  we  entirely  failed  to  grow  clover  successively  on  ordinary  arable 
land,  which  was  nevertheless  in  a  condition  to  yield  fairly  good  cereal 
crops  ?  Why  the  only  condition  under  which  we  have  been  able  to 
grow  clover  continuously  was  where  the  soil  was  very  much  richer  in 
nitrogen  (and  of  course  in  other  constituents  also)  than  the  arable 
land  P  And  lastly,  why  its  growth  under  such  circumstances  has  been 
accompanied  by  a  rapid  diminution  in  the  amount  of  nitrogen  in  the 
soil,  and  with  this  a  marked  decline  in  the  produce  ? 

It  will  not  for  a  moment  be  supposed  that  \)eca:as>Q  m  ^<^  Vyc%^\&!^ 


&  soil  must  be  lArgely  measured  bf  t 
&nd  tbe  degree  in  which  it  become 
not  the  soil  &  "  mine,"  as  well  aa  a  1< 

In  this  connection,  speaking  he 
appropriate  to  conclude  with  a  bri 
data  at  onr  command  vill  permit,  t 
taoteriBtio  difference  between  a  largi 
recently,  or  even  not  yet,  broken  op 
which  have  been  long  under  arabl< 
Atlantic. 

A  sample  of  Iltinois  Prairie  soil 
(bow  Sir)  Jamea  Caird,  and  snbm: 
Voelcker,  to  whom  we  are  indebted 
reanJts,  bnt  also  for  a  sample  of 
identical  results  in  the  two  laborator 
nitrogen.  We  have  no  special  hist 
the  depth  to  which  it  was  taken ;  bi 
the  sample  supplied  to  us  was  a  mi 
supplied  to  him,  and  that  in  the  sej 
per  cent,  of  nitn^en. 

During  the  pnisent  year  (1882),  b 
•oil  from  the  North-west  Territory, 
nipeg  and  the  Rocky  Kountaine,  wt 


59 

No.  2  is  from  the  Saskatchewan  district,  abont  140  miles  from 
Winnipeg,  and  has  probably  been  ander  coltivation  a  shorter  time 
than  No.  1.     The  dry  mould  contained  0*3027  per  cent,  of  nitrogen. 

No.  3  is  from  a  spot  about  40  miles  from  Fort  Ellis,  and  may  be 
eonsidered  a  virgin  soil.  The  dry  mould  contained  0'2500  per  cent,  of 
nitrogen. 

In  general  terms  it  may  be  said  that  these  Illinois  and  North-west 
Territory  Prairie  soils  are  about  twice  as  rich  in  nitrogen  as  the  average 
of  the  Bothamsted  arable  surface  soils ;  and,  so  far  as  can  be  judged, 
they  are  probably  about  twice  as  rich  as  the  average  of  arable  soils 
in  Great  Britain.  They  indeed  correspond  in  their  amount  of  nitrogen 
very  closely  with  the  surface  soils  of  our  permanent  pasture  land.  As 
their  nitrogen  has  its  source  in  the  accumulation  from  ages  of  natural 
vegetation,  with  little  or  no  removal,  it  is  to  be  supposed  that,  as  a 
rule,  there  will  not  be  a  relative  deficiency  of  the  necessary  mineral 
constituents.*  Surely,  then,  these  new  soils  are  "  mines  "  as  well  as 
laboratories  P     If  not,  what  is  the  meaning  of  the  term  a  fertUe  soil  ? 

Assuming  these  soils  not  to  be  deficient  in  the  necessary  mineral 
supplies,  and  that  they  yield  up  annually  in  an  available  condition  an 
amount  of  niti*ogen  at  all  corresponding  to  their  richness  in  that  con- 
stituent, it  may  be  asked — whether  they  should  not  yield  a  higher 
average  produce  of  wheat  per  acre  than  they  are  reported  to  do  ? 

The  exhausted  experimental  wheat  field  at  Rothamsted,  the  sur- 
face soil  of  which  at  the  commencement  of  the  experiments  thirty- 
nine  years  ago  probably  contained  only  about  half  as  high  a  percentage 
of  nitrogen  as  the  average  of  these  four  American  soils,  yielded  over 
the  first  eight  years  17^;  over  the  next  fifteen  years,  15^;  over  the 
last  fifteen  years  (including  several  very  bad  seasons),  only  II | 
bushels ;  and  over  the  whole  thirty-eight  years  about  14  bushels  per 
acre  per  annum. 

So  far  as  we  are  informed,  the  comparatively  low  average  yield 
of  the  rich  North-west  soils  is  partly  due  to  vicissitudes  of  climate, 
partly  to  defective  cultivation,  but  partly,  also,  to  the  luxuriant 
growth  of  weeds,  which  neither  the  time  at  command  for  cultivation, 
nor  the  amount  of  labour  available,  render  it  easy  to  keep  down. 
Then,  again,  in  some  cases,  the  straw  of  the  grain  crops  is  burnt,  and 
mannre  is  not  returned  to  the  land.    Still,  if  there  be  any  truth  in  the 

*  Since  the  above  was  in  type,  we  hare  seen  Dr.  yoelcker*s  report  on  the  Illinois 
Prairie  boU  above  referred  to,  and  find  he  called  attention  to  its  richness  in  potash 
and  other  mineral  constituents.  Ho  also  called  attention  to  the  much  higher  per- 
centage of  nitrogen  in  it  than  in  the  soils  of  this  country  which  he  and  others  had 
analysed. 


60 

views  we  liave  advocated,  it  would  seem  it  should  be  an  object  of 
oousideration  to  lessen,  as  far  as  practicable,  the  waste  of  fertility  of 
these  now  rich  soils.  At  the  same  time  it  is  obvious  that,  with  laud 
cheap  and  labour  dear,  the  desirable  object  of  bringing  these  vast 
areas  under  profitable  cultivation  canuot  be  attained  without  some 
sacrifice  of  their  fertility  in  the  first  instance,  which  can  only  be 
lessened  as  population  increases. 
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J^TRIBUTION  TO  THE  CHEMISTRY  OF  "  FAIRY  RINGS." 

5ir  J.  B.  Lawes,  Bart,  LL.D.,  F.R.S.,  J.  H.  Gilbert,   Ph.D., 

F.R.S.,  and  R.  Warinoton. 

circles  of  dark-green  grass  which  frequently  occur  on  pasture 
,    and  have  long  been  known  hj  the  name  of  '*  Fairy  Ring^,'* 

naturally  attracted  the  attention  of  botanists  and  vegetable 
iologists,   and   various  explanations    of  their    occurrence   have 

g^ven.  It  has  long  been  supposed  that  the  luxuriant  growth 
rass  constituting  the  ring  is  connected  with  the  growth  and  decay 
ingi,  which  so  serve  as  manure  for  the  grasses  which  succeed 
1.  Among  the  numerous  explanations  of  the  fact  that  the  growth 
mes  the  form  of  an  extending  ring,  perhaps  the  one  which  for 
e  time  received  the  greatest  attention,  was  that  based  on  the  theory 
)ecandolle,  according  to  which  the  excretions  of  a  plant  are  preju- 
al  to  the  growth  of  plants  of  the  same  description.  It  was  sup- 
ed  that  the  excretions  of  fungi  were  detrimental  to  their  recurrence 
the  same  spot,  and  hence  they  developed  only  externally  to  the  ring 
fcbeir  previous  growth. 

The  first  explanation  of  the  luxuriant  growth  of  the  rings,  put 
ward  from  a  more  purely  chemical  point  of  view,  was  that  of  Pro- 
Jor  Way,  in  a  paper  "  On  the  Fairy  Rings  of  Pasture,  as  illostrat- 

the  use  of  Inorganic  Manures,*'  which  was  read  in  the  Chemical 
;tion  of  the  British  Association  at  Southampton  in  1 846,  and  was 
)lished  in  the  Journal  of  the  BoyaL  Agricultural  Society  of  England^ 
S49.  He  analysed  the  ash  of  some  of  the  fungi,  and  also  of  the 
•88  of  a  fairy  ring.     From  the  results  of  these  analyses  he  explains 

growth  of  the  fairy  rings  as  follows  : — "  A  fungus  is  developed  on 
iingle  spot  of  ground,  sheds  its  seed,  and  dies.  On  the  spot  where 
prew  it  leaves  a  valuable  manuring  of  phosphoric  acid  and  alkalis, 
le  magnesia,  and  a  little  sulphate  of  lime.  Another  fungus  might 
loubtedly  grow  on  the  same  spot  again  ;  but  upon  the  death  of  the 
'  the  ground  becomes  occupied  by  a  vigorous  crop  of  grass,  rising 

a  phoenix,  on  the  ashes  of  its  predecessor.*'  The  growth  of  the 
U)  as  an  extending  ring,  and  not  as  a  disc,  he  further  explains  by 
&ct  of  the  removal  of  the  grass,  and  with  it  "  the  greater  part  of 
inorganic  materials  which  the  fungus  had  collected.*'  He  adds, 
'  the  nitrogen  of  the  fungus  must  not  be  left  out  of  consideration, 
that  he  believes — ''  it  is  to  the  inorganic  elements  that  the  efiect  is 
Qy  to  be  ascribed.*' 

nckman,  on  the  other  hand,  whilst  admAiUii^  Wv^Ai  Iwxv^  kc^Vc^- 

\>  1 
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qnently  fonDd  on  or  jaat  outside  the  ring,  congiders  their  ocoarrenoi 
hj  no  me&na  essentml  tn  the  formation  of  the  ring,  and  th&t  it,  mn 
be  prodneed  by  any  caase  nnfavonrable  to  the  growth  of  a  cirrnlw 
diBc  of  grass.  At  the  same  time  he  says — "  there  is  reason  to  thiJk 
that  rings  to  which  the  fungi  have  not  beoome  attached  soon  hmk 
up  "  (Vnterinariayi,  May  and  Jnne,  1870). 

Almost  from  the  commencement  of  the  Kothamst«d  espeHmenlu 
the  circumstances  of  the  development  of  fairy  rin^  hare  been  oH 
served  with  much  intt'rest,  as  affording  a  stritin^  example  of  wM 
may  be  called  "  natnral  rotation."  It  was  tbong-ht  that  if  the  ■oniM 
of  the  nitrogen  of  the  fungi  growing  in  fairy  rings  were  dita^' 
mined,  some  light  might  perhaps  he  thrown  on  the  sonroe  of  ifcl' 
nitrogen  of  the  Leguminosre,  which  are  grown  aeparatety,  in  rntitini 
with  the  cereals  and  other  crops,  or  in  association  with  the  gmmn  n ' 
the  mixed  herbage  of  grass  land.  In  a  Rothamsted  paper  in  ISSI 
(JoitT.  Itoy.  Ag.  Soc,  12,  d2),  the  subject  was  referred  to  as  foIlo««>— , 
"  A  beautiful  iiiustvation  of  the  dependence  for  laxari&at  ^rmrthrf' 
one  plant  upon  another  of  different  habits,  such  as  we  hftTe  aliom 
above,  may  bo  found  in  the  case  of  the  '  fairy  riogs,'  whcm  tfc*  | 
fungUB,  by  virtue  of  its  extraordinary  power  of  rapidly  accumnlatinf  ' 
nitrogen  from  the  atmosphere  during  ita  growth,  taking  np  tto 
minerals  which  the  grasses,  from  their  more  limited  power  in  thia  t 
respect  could  not  appropriate,  provides  au  abandanco  of  the  nili» 
genous  manure  so  effective  in  the  growth  of  the  grassee  whidi  i»  , 
observed  to  api'iug  up  with  gre&t  Inxnrianee  wherever  the  fun^  bi» 
grown  or  fallen." 

Here,  then,  it  was  assumed  that  it  was  the  nitrogen,  rather  thM  tt« 
ash-constitnents  of  the  fungus,  to   which  the  manuring  actioD  «il 
mainly  to  be  attributed.     Even  at  that  time  the  characteristic  effiwB  ' 
of  mineral   and  nitrogenoas   mannros   respectively,  on   the  growti  of  ' 
gramineous  crops,  were  snfficieutly  established  by  field  experiments  W 
leave  no  doubt  that  the  dark  colour  and  the  laxnriaut  giuMrth  of  t^ 
grasses  on  the  rings  were  intimately  connected  with  a  liberal  tof!^  ' 
of  nitrogen  as  manure.     But  it  will  be  observed  that  the  aonree  of  tl«  1 
nitrogen  of  the  fungi  was  then  supposed  to  be  the  atmospbmw. 

Since  that  time  much  directly  experimental  and  other  «r>i!enee  htt  • 
been  acquired  as  to  the  sonrees  of  the  nitrogen  of  green- learpd  pUnU i 
and,  althoagh  absolute  proof  is  still  wanting  on  some  pointa— aod  d 
might  well  be  that  plants  of  ench  opposite  characters  as  fangi  nii^  J 
have  a  different  source — yet  donbt  as  to  the  abniospherio  Hnnree  of  llwir  J 
nitrogen  gradually  increased.  Accordingly,  in  1874,  an  atleoipt  i*l 
made  to  obtain  direct  experimental  data  on  the  subject.  Sunpte  (^l 
soil  were  taken  of  a  fixed  area  and  to  a  fixed  depth  witfalD,  on.  wl  I 
ataide   a  fairy   ring-,   -   '*   "-    ----^   -■'         ■  .  .      •   j 
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The  results  showed  the  lowest  percentage  of  nitrogen  in  the  snrface 
soil  within  the  ring,  a  higher  percentage  under  the  ring,  and  a  higher 
still  outside  it.  The  obvious  conclusion  was,  that  the  soil  within^the 
ring  had  lost  nitrogen  bj  the  growth  of  the  fungi,  and  the  subsequent 
luxuriant  growth  and  removal  of  the  grasses.  But  so  important  a 
conclusion  required  confirmation.  Accordingly,  in  a  short  paper  by 
one  of  us  entitled  "  Note  on  the  Occurrence  of  Fairy  Rings,**  pub- 
lished in  1875  {Jour,  Linn.  Soc  Bot,  15,  17),  the  general  indication 
only  was  stated,  reserving  the  publication  of  the  numerical  results 
until  they  should  be  confirmed.  The  soils  of  other  fairy  rings  have 
since  been  collected  and  investigated,  and  it  was  intended  to  extend 
the  inquiry  further ;  but,  owing  to  the  unfavourable  weather  of  the 
last  few  years,  the  rings  which  had  been  under  examination  have  dis- 
appeared. Under  these  circumstances,  and  as  the  general  bearing  of 
the  results  already  obtained  is  unmistakable,  it  has  been  decided  to 
put  on  record  both  the  earlier  and  the  later  results,  without  waiting 
for  further  repetition  or  extension. 

Before  entering  upon  a  consideration  of  the  experimental  results  in 
question,  it  will  be  well  to  refer  a  little  more  in  detail  to  some  of  the 
circumstances  of  the  occurrence  of  a  fairy  ring. 

It  is  probable  that  the  fungi  growing  on  grass  land  owe  their 
occurrence,  in  the  first  instance,  to  the  accidental  droppings  of  animals 
(or  birds)  ;  and  it  seems  to  depend  on  the  conditions  of  soil,  season, 
and  association,  whether  the  growth  is  limited  to  the  original  spot,  or 
whether  it  extends,  and  an  annually  increasing  ring  is  formed.  If 
the  soil  be  rich,  or  highly  manured,  or  the  season  very  favourable  for 
luxuriance  of  the  general  herbage,  the  probability  is  that  the  fungi 
will  not  be  reproduced,  and  a  patch  only  will  be  developed.  It  is 
under  opposite  conditions,  that  is,  where  the  soil  is  poor,  that  the 
development  of  rings  is  generally  observed. 

The  growth  of  fungi  being  once  established  from  some  extraneous 
cause,  such  as  above  referred  to,  they  will  on  decay  supply  a  rich 
nitrogenous  and  mineral  manuring  to  the  adjacent  herbage.  A  patch 
of  dark-green  luxuriant  grass  succeeds.  This  being  cut  or  eaten  off, 
the  soil  becomes  the  more  exhausted  the  more  luxuriant  has  beeo  the 
growth.  Accordingly  the  vegetation  within  the  ring  is  generally  less 
luxuriant  than  that  outside  it.  In  the  case  of  mere  patches,  some 
examinations  of  the  soil  in  spring  and  autumn  have  not  shown  a 
marked  development  of  mycelium.  But  on  digging  into  the  turf 
immediately  outside  a  ring,  it  is  generally  found  penetrated  by  a 
white  cobweb-like  mycelium,  extending  to  a  depth  of  several  inches, 
and  sometimes  even  to  a  foot  or  more.  When  the  mycelium  is 
abundant,  the  soil  is  remarkably  dry,  and  can  with  difficulty  be  wetted, 
as  if   it  were  greasy.     The  mycelium  is  most  abundant  in  the  soil 
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jast  outside  tlie  ring,  or  Rt  tlie  outer  edge  of  it.  If  the  snsOa  t* 
favoarable,  a,a  abovegronnd  growth  of  fnngi  wiil  appear  in  the  spriog 
or  aatmnn.  These  fructify,  and,  by  scattering  their  spores,  give  n« 
to  a  fiirtLer  growth  of  myct'liara.  The  fangus  thus  spreads  into  fa«»i 
ground,  and  the  rings  extend  ontwBrds,  bo  long  as  the  circnnisiMK« 
of  the  soil  and  season  are  favourable.  Sometiiaes,  however,  funp 
are  found  growing  in  the  midst  of  the  band  of  luxuriant  grBas,  I" 
anch  cases  it  would  appear  that  the  increased  growth  of  the  grua  » 
due  to  tlie  decay  of  the  mycelium,  or  of  the  prodacts  of  its  aclioa  n 
some  of  the  organic  compound);  in  the  soil. 

lu  the  paper  above  referred  to,  the  relative  dsTelopment  of  fiuij 
ringB,  and  of  fungi  generally,  on  the  differently  nianurfd  plot*  of 
meadow  land  in  the  park  at  Rothamflted  is  described.  Amuns  tbi 
more  than  twenty  diffei-ently  manured  plota,  fairy  rings  liave  occttrwl 
on  only  two,  neither  of  which  haa  received  either  nitrogun  or  pol*»ii 
as  mnnure  for  many  years.  The  one  is  aniiuaUy  mnnored  with  mff 
phoaphatfl  of  lime  alone,  and  the  other  with  a  miKtnrc  of  snperplio*- 
phate  and  the  sulphates  of  sodium  and  magnesium.  Qnite  oonsiirtiiillj 
with  what  is  commonly  recognised  as  to  tlie  conditions  moeit  favuutahlt 
for  the  development  of  fairy  rings,  the  general  vegetation  on  thoB 
plots  is  of  a  very  restricted  character.  Where  nitragenous  iniuiiiftT 
are  applied,  and  the  luxuriant  growth  of  the  gmases  is  thereby  pto- 
moted,  no  fairy  rings  have  occurred,  and  the  appearance  of  fno^  i» 
rai-e.  As  fairy  ririga  thus  developed  only  where  the  growth  of  tlie 
grasses  and  their  associates  was  ertremely  limited  (owing  to  defii-ient 
supply  of  nitrogen,  or  of  potash,  or  of  both,  in  a  condition  available  to 
them),  the  questions  were  suggested — How  far  tbu  fungi  prevwl 
simply  in  virtue  of  the  absence  of  adverse  and  vigorous  competition? 
— whether  they  live  to  a  greater  or  less  extent  as  paraaitvH,  aud  »o  at 
the  expense  of  the  sluggish  nnderground  growth  of  the  planti  ia 
association  with  them  ? — -whether  they  have  the  powor  of  ncquiriBg 
nitrogen  in  some  form  from  the  atmosphere  ? — or,  lastly,  whrtber  Ihej 
Bflsimilate  nitrogen  from  the  soil  iteelf,  esisting  th^re  in  k  eandilics 
not  available  to  the  plants  growing  in  aesooialion  with  them  ? 

Of  the  composition  of  the  mycelium  but  little  is  known,  and  it  is  In 
be  supposed  that  it  would  vary  conaidorably  at  different  periods  of  ih 
developmeat.  On  several  occasions  it  haa  been  fonnd  at  BotliB»t(4 
to  leave  a  very  considi>rabIe  incombustible  peeidne,  cansiitiBg  ehictf; 
of  calcium  carbonate,  which  is  presumably  the  result  of  tbe  dcatnciioo 
of  calcinta  oxalate. 

The  generaj  composition  of  the  abovegronnd  growth  kaa  !■••« 
determined  by  FWry  in  tha  case  uf  two  of  the  fairy  ring  fnop  (W,' 


result  B  ;- 


!.,  31,   ann.  73,  p.  261).     Tt^^UaHi^^^M  sbatnct  of  ha  J 
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Tablb  I, — Percentage  Composition  of  two  Fairy  Ring  Fimgi. 


Speoiea. 


Water. 


Nitrogen 
reckoned 
as  albu- 
minolids. 


Fatty 
matter. 


Soluble 

carbo- 

l^yclrateB. 


Fibre. 


Ash. 


In  Fresh  Substance, 


Marasmius  oreadum 
Agarious  prunulus. . 


91-75 
89*25 


2-93 
4-11 


0  19 
0-U 


3-59 
4  08 


0-67 
0-81 


0-87 
1*61 


In  Dry  Matter, 


Maraimius  oreadum 
Agaricus  prunuluB . . 


35-57 

2-40 

43-34 

8  12 

— . 

38  32 

1-38 

37-77 

7-58 

10-57 
16  00 


The  following  is  the  composition  of  the  ash  of  one  specnes  of 
fairy-ring  fangns  as  deiemiined  by  Professor  Way  (Jour,  Boy^  Ag, 
Sac,  7,  550,  1846)  :— 

Table  II. — Percentage  Composition  of  the  Ash  of  Agaricus  prnnnlns. 


Ash  in 

Per  cent,  in  Ash. 

100  dry. 

KjO. 

NajO. 

CaO. 

MgO. 

PA. 

SO,. 

SiOi. 

CI. 

COj. 

6-38 

55  10 

3-54 

1-35 

2-20 

29-49 

1-93 

1-09 

0-25 

3-80 

The  composition  of  the  fairy,  ring  fungi  appears  from  these  analyses 
to  be  very  similar  to  that  of  other  fungi  which  have  been  analysed ) 
and  it  may  be  mentioned  that  one  of  the  species  examined  by  Fleury, 
the  Marasmius  oreadum,  occurs  on  the.  rings  at  Rothamsted.  The 
fongi  contain  a  large  proportion  of  nitrogenous  matter,  amounting  to 
more  than  one-third  of  their  dry  substance ;  and  their  ash  is  extremely 
rich  in  both  potash  and  phosphoric  acid,  but  especially  in  potash.  Yet  it 
will  be  remembered  that  fairy  rings  developed  only  on  two  of  the 
experimental  plots  at  Rothamsted,  neither  of  which  had  received 
either  nitrogen  or  potash  as  manure  for  many  years,  and  'v^here  the 
growth  of  the  gi-asses  was  extremely  meagre. 

It  is  evident  from  the  very  restricted  vegetation  of  these  plots, 
from  the  richness  in  nitrogen  of  the  fungi,  and  from  the  great 
luxuriance  of  the  grasses  which  succeed  tViem.,  t\\»A)  ^<&  V\kvv^  nr^^^^^ 
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able  to  obtain  an  amount  of  nitrogen  from  some  souroe  greatly  in 
excess  of  that  which  was  available  to  the  associated  herbage.  What 
is  the  source  of  this  nitrogen  ?  Ha,s  the  fungus  the  power  of  assi- 
mUating  it  largely  from  the  atmosphere  ?  or  has  it  the  power  of 
taking  it  up  from  the  soil  in  a  manner,  or  in  a  degree,  which  the 
grasses  and  other  green-leaved  plants  do  not  possess  ?  The  object  of 
the  experiments  now  to  be  described  was  to  obtain  an  answer  to  these 
questions. 

We  will  first  give  a  brief  history  of  the  various  samples  of  sofl 
which  have  been  collected  and  analysed,  and  afterwards  direct  attention 
to  the  results  which  have  been  obtained. 

The  Orove  Paddock  Fairy  Ring, 

The  samples  of  soil  were  taken  on  May  19th,  1874.  The  rin^, 
which  then  consisted  of  a  half  circle  several  yards  in  diameter,  and 
had  been  observed  to  increase  during  the  past  few  years,  was  near  a 
hedge  and  some  trees,  and  the  soil  was  much  permeated  by  roots. 
The  band  of  grass  forming  the  ring  was  about  2  feet  wide,  and  of  a 
dark  bluish-green  colour.  The  grass  was  of  a  much  lighter  colour 
both  within  and  outside  the  ring,  and  rather  lighter  within  than  ont- 
side.  Samples  of  the  soil  were  taken  at  three  points :  1.  Two  feet 
within  the  ring.  2.  In  the  centre  of  the  ring-band.  3.  Two  feet 
outside  the  ring.     In  each  case  a  sample  of  the  first,  and  of  the  second 

9  inches  of  depth,  was  taken. 

The  mode  of  collecting  the  soil  samples  was  that  which  has  been 
employed  for  many  years  at  Rothamsted.  A  frame  of  strong  sheet 
iron  6  inches  square,  9  inches  deep,  open  at  the  top  and  bottom,  and 
having  a  strong  rim  outside  the  upper  edge,  was  driven  into  the 
ground  until  the  upper  edge  was  level  with  the  surface.  The  contents 
were  then  carefully  taken  out,  and  constituted  the  sample  of  the  first 
9  inches  of  depth.  The  soil  round  the  frame  was  then  removed  to  ihe 
depth  of  its  lower  edge,  it  was  again  driven  down  into  the  soil,  and  the 
contents  taken  out,  these  representing  the  second  9  inches  of  depth. 

The  sample  of  the  first  9  inches  of  soil  taken  on  the  ring  was 
remarkably  dry,  and  much  paler  in  colour  than  that  of  the  sample 
from  the  same  depth  either  from  without  or  within  the  ring,  that 
from  outside  the  ring  being  much  the  darkest  of  the  three.  Myoelinm 
was  found  to  extend  to  the  depth  of  a  foot  or  more.  This  is  a  some- 
what greater  depth  than  usual,  probably  acconnted  for  by  the  large 
amount  of  organic  debris  from  the  roots  of  the  hedge,  and  two  large 
ash  trees,  one  on  either  side. 

The  BroadbalJc  Field  Fairy  Ring. 
This  was  a  small  imperfect  ring  forming  about  two-thirds  of  ft 
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circle.  The  ground  within  the  circle  had  been  disturbed  in  recent 
years,  and  there  was  doubt  how  far  the  disturbance  had  extended. 

The  first  series  of  samples  was  taken  on  June  18th,  1877.  The  ring 
was  then  covered  with  a  luxuriant  growth  of  grass,  interspersed  with 
which  were  a  few  fungi.  The  samples  of  soil  taken  were  :  1.  Within 
the  ring,  about  14  inches  from  it.  2.  On  the  ring.  3.  Just  outside 
the  ring.  4.  Quite  outside  it,  about  16  inches  from  it.  A  rather  con- 
siderable amount  of  mycelium  was  found  in  the  soil  taken  from  the 
ring,  extending  from  the  surface  to  a  depth  of  5  or  6  inches.  In  the 
sample  taken  just  outside  the  circle  a  little  mycelium  was  found. 

A  second  series  of  samples  was  taken  on  September  15th  of  the 
same  year.  The  ring  had  widened  since  June,  and  was  again  covered 
with  a  luxuriant  growth  of  grass.  The  samples  taken  were:  1.  Within 
the  ring,  18  inches  from  it.  2.  On  the  ring.  3.  Outside  the  ring, 
about  15  inches  from  it.  The  soil  from  the  ring  contained  a  compara- 
tively small  amount  of  mycelium,  extending  about  4  inches  from  the 
surface. 

The  samples  of  soil  from  this  ring,  and  from  those  subsequently 
experimented  upon,  were  not  taken  with  the  iron  frame  already 
described,  but  with  a  steel  cylinder,  2^  inches  in  diameter,  and  12 
inches  long,  fixed  at  the  end  of  a  stout  iron  rod.  The  cylinder  was 
driven  into  the  ground  until  its  upper  edge  was  level  with  the  surface  ; 
when  withdrawn  it  contained  a  solid  core  of  soil,  which  was  re- 
moved through  a  slit  in  the  side  which  was  covered  during  the 
working.  The  advantage  of  this  mode  of  soil  sampling  is  its  sim- 
plicity ;  but  the  objections  to  it  are  that  the  quantities  of  soil  brought 
up  are  more  irregular,  and  do  not  therefore  so  nearly  represent  the 
depth  intended  as  when  the  wider  square  frame  is  used.  Owing  to 
the  narrowness  of  the  cylinder  the  soil  rises  within  it  with  consider- 
able difiiculty,  becoming  much  consolidated  below,  and  when  the 
cylinder  is  drawn  up  it  is  found  to  be  but  partially  filled.  In  any 
case,  however,  it  would  be  inappropriate  to  calculate  quantities  of  soil, 
or  of  any  of  its  constituents,  over  a  given  area  to  a  given  depth,  from 
single  samples  ;  and  as  the  object  in  the  present  instance  was  simply 
to  compare  the  percentage  composition  of  different  samples  of  soil 
collected  at  the  same  time  and  in  the  same  manner,  the  imperfections 
of  the  method  above  referred  to  are  of  less  consequence. 


The  Park  Fairy  Rings. 

It  has  been  already  mentioned  that  fairy  rings  were  numerous 
on  the  plot  of  experimental  meadow  land  in  the  park  which  was  con- 
tinuously manured  with  superphosphate  of  lime  alone.  A  perfect 
ring  on  this  plot  was  selected  for  examinatioti.     TYva  vaxcL^^'^  <^1  ^-^ 


ably  in  widtli,  and  its  ontlTne  having  become  indiad 
aamplea  weri>  t;ik-i;ri  from  it ;  bat  another  partial  ntig  O^ 
was  selected  for  ('^[loriment.  The  soil  of  tJiis  second  rid 
on  April  2&th,  IsrS.  The  band  was  then  about  2  M 
samples  taken  were:  1.  Within  the  ring,  about  2^  feet  jj 
theringtowfii-ilstboinside.  3.  On  tbu  ring toirards  Uio ■ 
Bide  the  ring,  jibuut  1^  foot  from  it.  In  tbe  soil  takdd 
towards  tbf  nntside  of  it,  mycelinm  was  fairly  4 
extended  5  or  ij  inobeB  below  tbu  aorfece.  Here  tba  i 
and  of  a  lighter  colour,  than  at  the  other  points. 

Pi-eparati/in  emd  A  uahjgis  of  the  Soil  Satm 

From  all  tbe  samples,  the  atones,  roota,  and  other  obi 
residne  were  carefally  picked  out,  and  the  remaining  a 
to  fina  powder.  The  samples  from  the  BroadboJk  Fiei 
Faiiy  Biugs  were  partially  dried  by  czpoKarc  in  a  thial 
room  immediately  after  being  received  in  the  laborau! 
from  the  Grovo  Paddock  were  not  ao  prepared.  Aa  a  nri 
of  calcniation,  especially  of  the  percentage  of  water,  t 
the  fresh  samples,  and  of  their  separated  parts,  were  t«kl 
excepting  those  of  the  soils  fi-om  the  Broadbalk  Field.    | 

The  following  table  shows  the  percentage  of  wat«rj 
at  100°  C,  and  cnkukted  on  the  tol^  £remb.  soil  (mrftj 
the  cases  of  all  the 
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Table  III. — Percentage  of  Water  in  Fresh  Soil  as  collected,  exclusive 

of  Stones. 


Surface  soil. 


Subsoil. 


Orove  Paddock  Fairy  Ring  Soils,  May  19,  1874. 


Within  the  ring. 
On  the  ring  . . . 
Outside  the  ring 


15-68 
12*30 
16*24 


The  Park  Fairy  Ring  Soils,  September  19,  1877. 


Within  the  ring. ... 
On  ring  (centre)    . . 
On  ring  (outer  edge) 
Just  outside  ring  . . 


22-80 
19-29 
18-50 
23-33 


17  04 
13  13 
13-23 
15-03 


Tlie  Park  Fairy  Ring  Soils,  April  25,  1878. 


Within  the  ring. . 
On  ring  (inside) 
On  ring  (outside) 
Outside  the  ring 


26-34 
26-33 
21-95 
27-96 


19-21 

19  14 
19-74 


It  will  be  observed  that  the  percentage  of  water  is  almost  uniformly 
lower  in  the  soils  taken  from  the  ring-band  than  in  those  taken  either 
within  or  oatside  it ;  and  this  generally  holds  good  in  the  case  of  the 
subsoils  as  well  as  of  the  surface  soils.  The  comparative  dryness  of  the 
soil  under  the  ring- band  will  in  part  be  due  to  the  greater  evaporation 
incident  to  the  greater  activity  of  growth ;  but,  in  some  cases,  as  in 
that  of  the  Grove  Paddock  Ring,  it  is  probably  to  be  largely  attributed 
to  the  action  of  the  underground  fungoid  growth  in  giving  to  the  soil, 
in  some  way  not  quite  explicable,  a  power  of  resisting  the  free  absorp- 
tion of  water,  as  if  it  were  greasy,  as  already  referred  to. 

In  all  the  surface  soils  the  nitrogen  has  been  determined  by  com- 
bustion with  soda- lime,  and  the  carbon  by  combustion  in  oxygen ;  and 
in  those  from  the  Broadbalk  Field  and  the  Park  Fairy  Rings  the 
nitrogen  as  nitric  acid  has  also  been  determined.  The  subsoils  have 
only  been  partially  examined,  and  such  determinations  of  nitrogen  as 
have  been  made  in  them  by  the  soda-lime  method  indicate  that  the 
variations  in  the  amount  are  due  to  differences  in  the  character  of  the 
sabeoUs,  quite  independent  of  the  influences  of  the  growth   o%.  ^"^^^ 
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f angi,  and  of  the  grasses  succeeding  them,  which  are  the  sabjects  of 
the  present  inquiry.  Indeed,  very  numerous  determinations  of  nitro- 
gen in  subsoils  have  shown  that,  with  a  low  actual  percentage,  the 
variations  in  the  amount  in  different  samples  are  proportionally  great, 
and  obviously  to  a  great  extent  unconnected  with  the  special  historj 
of  the  plot  from  which  the  samples  are  taken.  Moreover,  so  far  as 
the  total  nitrogen  and  carbon  are  concerned,  it  seems  probable  that 
the  influences  of  the  fairy  ring  growth  are,  to  a  great  extent,  if  not 
wholly,  limited  to  the  surface  soils ;  and  it  will  be  seen  thc^t  the  results 
relating  to  them  afford  conclusive  evidence  on  the  points  under 
inquiry. 

In  Table  lY  are  given  the  percentages  of  nitrogen  and  carbon  in 
the  dry  fine  surface  soils  (that  is  excluding  stones,  roots,^  and  water). 


Table  IV. — Percentages  of  Nitrogen  and  Cwbon  %n  the  J}ry  Fine 

Surface  Soils, 


Carbon. 


Qrove  Paddock  Fairy  Ring  Soils,  May  19,  1874. 


Within  the  ring 
On  the  ring . . . . 
Outside  the  ring 


3  06 

(2-72)' 

8-34 


Broadhalh  Field  Fairy  Ring  Soilsy  June  18,  1877, 


Within  the  ring 

On  the  ring 

Just  outside  the  ring  . 
Quite  outside,  the  ring 


0-271 

2-38 

0-300 

3-36 

0-327 

3  05 

0-303 

3-52 

Broadhalk  Field  Fairy  Ring  Soils,  September  15,  1877. 


Within  the  ring 
On  the  ring  ... . 
Outside  the  ring 


2-48 
2-60 
S-I2 


*  In  the  Grove  Paddock  soils  the  carbon  was  not  determined  until  tome  jeu* 
after  the  collection,  when  the  sample  taken  on  the  ring  was  found  to  hsTe  a  high 
percentage  of  water,  and  a  mouldy  odour ;  it  had  doubtless  lost  carbon. 
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Nitrogen. 


Carbon. 


The  Park  Fairy  Ring  SaiU,  September  19,  1877. 


Within  the  ring 

On  the  ring  (centre)  . . . 
On  the  ring  (outer  edge) 
Just  outside  the  ring  . . . 


0-222 

2-88 

0-230 

3  01 

0-276 

8-40 

0-259 

3-31 

The  Park  Fairy  Ring  Soils,  April  25,  1878. 


Within  the  ring 

On  the  ring  (inner  side) 
On  the  ring  (outer  side) 
Outside  the  ring 


0-253 

8  12 

0-245 

2-97 

0-268 

3  11 

0-269 

8-44 

Although,  as  has  been  said,  all  visible  organic  debris  was  carefnllj 
removed  from  the  samples  before  nitrogen  and  carbon  were  deter- 
mined in  them,  it  will  be  readily  understood  that  in  the  case  of  surface 
soils  of  grass  land  containing  so  much  of  such  matter,  it  is  extremely 
difficult  to  exclude  the  whole  of  it,  whilst  any  irregularity  in  this 
respect  will  affect  the  amount  of  carbon  more  than  that  of  the  nitro- 
gen ;  and  a  consideration  of  the  results  in  detail  leads  to  the  conclusion 
that  the  carbon  determinations  are,  from  this  cause,  less  trustworthy 
than  those  of  the  nitrogen.  Still  a  glance  at  the  Table  (IV)  shows 
that  in  each  of  the  five  series  of  samples  the  percentage  of  both 
nitrogen  and  carbon  is  much  lower  in  the  soils  within  the  ring  than 
outside  it ;  that  is  to  say,  it  is  much  lower  where  the  action  of  the 
fnngus  and  the  growth  and  removal  of  the  luxuriant  crop  of  grass  is 
past,  than  ^y^here  the  fungus  has  not  yet  been  developed.  In  most 
cases  where  jbhe  action  of  the  fungus  is  still  in  progress,  the  percentages 
of  nitrogen  and  carbon  are  intermediate  between  those  in  the  soils 
within  and  without  the  circle.  The  spread  of  the  ring  is  in  fact 
marked  by  a  destruction  of  organic  matter  containing  nitrogen  and 
carbon. 

It  will  be  observed,  however,  that  there  are  some  apparent  anomalies 
in  the  resii^lts,  but  on  an  examination  of  the  circumstances  of  the 
experiments,  these  are  sufficiently  explained.  Thus,  the  percentages 
of  both  nitrogen  and  carbon  are  much  higher  in  the  series  of  samples 
collected  from  the  Broadbalk  Field  Fairy  Ring  in  June,  1877,  than 
in  those  cpUected  from  the  same  ring  in  the  following  September ;  and 
according  to  notes  taken  at  the  time^  the  sampling  cylinder  did  not 
bring  up  ^o  much  ^oil  in  Juno  as  in  ^eipt©m>aeT.    \ti  <^>utkst  ^^t^, 
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tlie  samples  taken  in  Jnne  comprised  a  larger  proportion  of  the 
surface,  and  a  smaller  proportion  of  the  subsoil,  and  hence  the  higher 
range  in  the  percentage  of  nitrogen  and  carbon  in  them.  Again,  the 
percentages  of  both  nitrogen  and  carbon  are  abnormallj-  high  in  the 
sample  from  the  Park  Fairy  Ring  collected  at  the  enter  edge  in 
September,  1877,  and  in  the  samples  collected  within  the  ring,  and 
on  the  outer  side  of  it,  in  April,  1878.  In  these  cases  also  the  cylinder 
brought  up  relatively  small  weights  of  soil,  and  hence  the  samples  con- 
sisted in  a  relatively  large  proportion  of  surface  soil,  and  showed 
accordingly  higher  percentages  of  nitrogen  and  carbon. 

The  genei*al  bearing  of  the  results  is  unmistakably  shown  in  the 
next  table  (Y),  in  which,  assuming  each  ring  to  be  made  up  of 
the  three  divisions  of  "  within,"  "  on,*'  and  "  outside,"  the  results  for 
each  such  division  of  the  five  different  series  of  samples  are  brought 
together,  and  the  mean  taken.  Thus,  we  have  the  mean  of  all  the 
determinations  on  the  samples  taken  within  the  ring,  the  mean  of  ill 
those  taken  on  the  ring,  and  of  all  those  taken  outside  it.  At  the  foot 
of  the  table  there  is  given  the  mean  amount  of  nitrogen  and  carbon  in 
the  soils  within,  and  on  the  ring,  compared  with  that  outside  it  taken 
as  100.  There  is  also  given  the  mean  proportion  of  carbon  to  1  of 
nitrogen  in  the  soils  taken  at  the  different  positions. 


Table  V. — Mean  Percentages  of  Nitrogen  and  Carboih  in  the  Fine 

Dry  Fairy  Ring  Soils, 


Nitrogen  per  cent. 

Carbon  per  cent 

Description  of  ring. 

Within 

the 

ring. 

On 

the 
ring. 

Outside 

the 

ring. 

Within 
the 
ring. 

On 

the 

ring. 

Outnde 

the 

ring. 

Groye  Paddock  (May,  1874)   . . 

Broudbalk  (June,  1877)    

„         (September,  1877)  .. 

Park  (September,  1877)   

..     (April,  1878) 

0*262 
0-271 
0-226 
0-222 
0-253 

0-274 
0-300 
0-244 
0-253 
0-257 

0-287 
0-316 
0-274 
0-259 
0-269 

3-06 
2-38 
2-48 
2-88 
3-12 

2-72 
3-36 

2  60 
3-21 

3  04 

8  S4 
S'Sy 
3-12 
3-81 
8-44 

Mean    

0-247 

0-266 

0-281 

2-78 

2-99 

8-80 

N  and  C  "outside"  -  100  ... . 

87-9 

94-7 

100 

84-2 

90-6 

100 

Oavbon  t^  1  nitfoeent  t  -  -  •  1 1  •  t . 

— 

— 

— 

11-8 

U*2 

11-7 

The  results  brought  together  in  this  way  dearly  bring  to  Tiew  Um 
fact  that  in  each  of  the  five  series,  of  experiments  the  perosntige  of 
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nitrogen  was  tlie  highest  in  the  soil  ontside  the  ring,  and  the  lowest  in 
that  within  the  ring.  It  was  also  in  each  case  in  intermediate  amount 
in  the  soil  on  the  ring.  For  the  reasons  already  explained,  the  carhon 
results  are  not  so  trustworthy  as  those  of  the  nitrogen.  Still,  the 
percentage  of  carbon  is  likewise  in  every  case  very  moch  higher  ontside 
than  within  the  ring ;  and  it  is,  on  the  average,  in  intermediate  amount 
on  the  ring.  The  general  indications  of  the  mean  results  may  thjis 
be  safely  relied  upon.  From  these  the  conclusion  already  drawn  from 
H  study  of  the  details  becomes  the  more  obvious,  namely,  that  the 
growth  of  the  fungus  and  the  subsequent  increased  growth  and 
removal  of  the  associated  herbage  is  accompanied  by  a  considerable 
reduction  in  the  amount  of  the  organic  nitrogen  and  carbon  in  the 
Boil.  Since  prior  to  the  growth  of  the  fungus,  that  of  the  surrounding 
herbage  was  extremely  restricted,  and  it  became  luxuriant  only  after 
the  growth  of  the  fungus,  it  cannot  be  doubted  that  it  is  primarily  to 
its  action  that  the  reduction  of  the  nitrogen  and  carbon  in  the  soil  is 
to  be  attributed.  In  other  words,  the  fungi  have  taken  up  from  the 
soil  organic  nitrogen  and  carbon  that  were  not  available  to  the  pre- 
viously established  vegetation. 

From  the  figures  in  the  last  line  but  one  in  the  table,  it  is  seen  that 
reckoning  the  amount  of  nitrogen  and  carbon  respectively  outside  the 
ring  as  100,  that  of  the  carbon  has  been  reduced  in  a  greater  propor- 
tion than  that  of  the  nitrogen,  both  on  and  within  the  ring.  Accord- 
ingly the  last  line  in  the  table  shows  that  there  was  a  higher  proportion 
of  carbon  to  nitrogen  in  the  soil  outside  the  ring  than  in  that  either 
on  or  within  the  ring.  Calculation  also  shows  that  the  proportion  of 
carbon  to  that  of  the  nitrogen  lost  by  the  soil  is  greater  up  to  the 
stage  of  the  active  growth  of  the  ring  than  afterwards ;  that  is,  the 
proportional  loss  of  carbon  is  the  greater  under  the  more  immediate 
influence  of  the  growth  of  the  fungus,  and  that  of  the  nitrogen  is  the 
greater  subsequently.  Further,  the  relation  of  carbon  to  nitrogen  is 
very  much  higher  in  the  soil  than  it  would  be  in  the  dry  matter  of  the 
fungus.  The  action  of  the  mycelium  is  therefore  not  only  to  reduce 
the  carbon  in  a  greater  proportion  than  the  nitrogen  of  the  soil,  but  to 
do  so  in  a  much  greater  degree  in  proportion  to  the  amount  assimilated, 
a  portion  of  the  carbon  being  doubtless  exhaled  as  carbonic  acid.  It 
is  true  that  the  proportion  of  carbon  to  nitrogen  is  much  higher  in  the 
grasses  which  succeed  the  fungi  than  in  the  soil ;  but  it  is  known  that 
green-leaved  plants  generally,  and  grasses  especially,  derive  most,  if 
not  all,  of  their  carbon  from  the  atmosphere. 

Although  the  experiments  do  not  supply  data  for  exact  calculation 
on  the  point,  it  may  be  stated,  in  general  terms,  that  the  mean  results 
would  represent  a  loss  by  the  surface  soil  of  several  hundred  pounds 
of  nitrogen,  and  of  several  thousand  pounds  of  carbou^  ^^t  ^«^t^^\^^\Xv^ 
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action  of  the  fangus,  and  the  anbseqnent  luxuriant  growth  and  remoTal 
of  the  grasses. 

It  was  certainly  to  be  expected  thai  nitrates  would  be  formed  in 
considerable  qoantitj  on  the  decay  of  the  long^  (whether  in  the  stage 
of  mycelium  or  of  more  advanced  development),  and  possibly  also  on 
that  of  residual  products  of  the  action  of  the  mycelium  on  the  nitro- 
genous organic  matter  of  the  soil.  It  is  quite  in  acoordance  with  the 
supposition  that  nitrates  are  formed,  that  the  band  of  grass  following 
the  track  of  the  fungus  should  have  the  dark  green  colour  which  cha- 
racterises it.  It  is,  however,  difficult  to  trace  the  formation  of  nitrates 
in  meadow  land,  or  at  any  rate  to  determine  the  quantity  in  which 
they  are  produced,  as,  owing  to  the  amount  and  activity  of  the  vegeta. 
tion,  they  are  for  the  most  part  taken  up  as  soon  as  they  are  formed. 
Nevertheless,  determinations  of  nitrates  were  attempted  in  the  cases 
of  the  Broadbalk  Field  and  of  the  Park  Fairy  Ring  soils.  The  Crum- 
Franklaud  method  was  the  one  then  in  use,  and  was  the  one  adopted. 
The  soil  extracts  were  purified  by  alcohol,  but  the  chlorides  were 
removed  by  silver.  Under  these  circumstances  the  attack  on  the 
mercury  was  very  feeble,  and  the  nitrates  present  were  undoubtedly 
nnder-estimated.  The  Broadbalk  soils  of  the  second  collection  have 
since  been  analysed  by  Schlosing's  method,  which  is  more  accurate  in 
the  case  of  such  extracts.  The  results  of  the  determinations  are 
given  in  Table  VI  below. 

Table  VI. — Nitrogen  as  Nitrates  per  Million  of  Dry  Fine  Soil 


Crum-Fpank- 
land  method. 


Schldsing 
method. 


Broadbalk  Fairy  Ring  Soils,  collected  June  18,  1877. 


Within  the  ring  . . .  • 

On  the  ring 

Just  outside  the  ring 
Outside  the  ring  . . . . 


Broadbalk  Fairy  Ring  Soils^  collected  September  15,  1877. 


Within  the  ring 
On  the  ring  .... 
Outside  the  ring 


108 

11-46 

2-44 
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Crum-Frank- 
land  method. 


Schldsing 
method. 


The  Park  Fairy  Ring  Soils ^  coUeHed  September  19,  1877. 


Within  the  ring 

On  the  ring  (centre)  . . . 
On  the  ring  (outer  edge) 
Just  out«ide  the  ring  . . . 


The  Parle  Fairy  Ring  Soihf,  collected  April  25,  1878. 


Within  the  ring 

On  the  ring  (inner  side) 
On  the  ring  (outer  side) 
Outside  the  ring 


It  will  be  seen  that  in  the  case  of  the  second  series  of  samples  from 
the  Broadbalk  Field  Ring,  there  was  a  very  considerable  amount  of 
nitric  acid  in  the  soil  of  the  ring^band.  In  all  other  cases  the  qoantitj, 
if  any,  was  very  small.  It  was,  however,  always  more  abundant  in 
the  soil  of  the  ring-band  than  either  within  or  without  the  circle. 

In  making  the  extracts  of  the  surface  soils  for  the  determination  of 
nitrates,  it  was  observed  that  when  mycelium  was  present,  the  watery 
extract  was  dark-colouned,  and  gave  a  bulky  organic  residue  on  evapo* 
ration.  It  is  to  be  supposed,  therefore,  that  some  of  the  products  of 
the  decay  of  the  mycelium,  or  of  the  action  of  the  mycelium  on  the 
soil,  will  pass  by  drainage  into  the  subsoil. 

Some  of  the  subsoils  were  examined  for  nitric  acid,  but  scarcely 
more  than  a  trace  was  found,  excepting  in  the  subsoil  collected  under 
the  ring-band  at  the  second  sampling  of  the  Broadbalk  Field  Ring 
soils,  where  the  table  shows  the  highest  amount  in  the  surface  soils. 
Even  here,  however,  the  nitrogen  as  nitrates  in  the  subsoil  amounted 
to  only  0*82  per  million  of  the  dry  soil. 

On  a  review  of  the  whole  of  the  results  of  our  examinations  of  the 
soils  of  fairy  rings,  we  think  there  can  be  no  doubt  that  the  source 
of  the  nitrogen  of  the  fairy  ring  fungi  is  the  organic  nitrogen  of  the 
soil  itself,  which  it  assimilates^  presumably,  though  not  certainly,  as 
organic  nitrogen,  and  eventually  deposits  as  manure  which  becomes 
available  to  the  associated  herbage.  Further,  the  whole  of  the  pheno- 
mena of  the  fairy  rings,  so  far  as  the  nitrogen  is  concerned,  are  thus 
explained  without  supposing  any  intervention  of  atmospheric  nitrogen. 

Evidence  is  still  wanting  to  prove  whether  at  all>  ot  m^Viibl  ^^*^gc«j^^ 
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some  green-leayed  plants  liave  a  power  of  assimilating  the  organic 
nitrogen  of  the  soil,  snch  as  is  possessed  hy  the  fnngi.     That  Legumi- 
nosaa,  for  example,  will  take  up  more  nitrogen  from  an   arable  soil 
than  Gramine89  would  from  the  same  soil  is  certain.     In  some  cases 
part,  if  not  the  whole,  of  the  increased  assimilation  of  nitrogen  by  the 
LegumiDOsae  is  doubtless  due  to  the  arrest  of  nitrates  that  would  have 
been  lost  by  drainage  in  the  case  of  the  growth  of   Gramineas.     In 
others,  the  evidence  at  command  does  not  justify  the  conclusion  that 
the  whole  of  the  increased  amount  can  be  so  accounted  for.     Again, 
under  the  influence  of  potassium  salts  applied  as  manure,  legnminoos 
plants  will  take  up  a  considerably  increased  amount  of  nitrogen,  even 
from  a  poor  arable  soil ;  whilst  under  the  same  conditions  a  granu- 
neous  crop  would  not  do  so.     This  action  is  very  marked  when  potash 
salts  are  applied  to  grass  land.     In  this  case,  however,  the  percentage 
of  nitrogen  in  the  much  richer  surface  soil  is  reduced  in  a  degree 
easily  determinable   by  the  soda-lime  method.     The  question  arises, 
therefore,  how  far  the  increased  amount  of  nitrogen  taken  up  under 
these  circumstances,  is  due  to  a  liberation  of  soil-nitrogen  independ- 
ently of  any  direct  action  of  the  plant  itself ;  or  whether,  under  the  in- 
fluence of  the  potash  supply,  the  plant  acquires  a  character,  or  increased 
activity,  of  underground  growth,  by  virtue  of  which  it  is  enabled  to 
take  up  the  organic  nitrogen  of  the  soil  in  a  manner,  or  in  a  degree, 
of  which  it  is  not  otherwise  capable  ?     Some  Leguminosce,  however, 
which  have  very  deeply  distributed  roots,  have  the  power  of  assimilat- 
ing very  large  amounts  of  nitrogen  over  a  given  area,  when  growing 
on  arable  soil  with  the  surface  impoverished,  and  the  subsoil  naturally 
poor,  so  far  as  nitrogen  is  concerned. 
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In  a  Report  recently  made  in  this  *  Journal/  **  On  the  Amount 
and  Composition  of  the  Rain  and  Drainage- Waters  collected 
at  Rothamsted"  (vol.  xvii.,  1881,  p.  241),  an  account  was 
given  of  various  investigations  on  the  coniposition  of  the  rain- 
water collected  in  the  large  rain-gauge  at  Kothamsted.  These 
investigations  embraced  determinations  of  ammonia  made 
at  Rothamsted  in  1853—4;  determinations  of  ammonia  and 
nitric  acid  by  Professor  Way  in  the  rain  of  1855  and  1856 ; 
determinations  of  total  solid  matter,  hardness,  organic  carbon 
and  nitrogen,  ammonia,  nitric  acid,  and  chlorine,  made  by 
Dr.  Frankland  in  samples  of  rain  collected  in  1869-70 ;  and 
lastly,  determinations  of  chlorine  made  at  Rothamsted  in 
1877-80.  We  have  now  to  give  a  further  account  of  work 
carried  on  in  the  same  direction. 

The  Ammonia  in  Rain, 

It  will  be  recollected  that  a  considerable  difference  was  shown 
to  exist  between  the  results  of  the  earlier  and  later  determina- 
tions of  ammonia.     The  earliest  Rothamsted  determia«Lt\AW%^ 
1  ^ 


4  iV«c  Determinaliont  of  Ammcmia,  CJdorine^  and 

made  on  the  rainfall  of  fifteen  months,  1853—4,  sHowmI  a  mnn 
of  0'74  of  nitrogen  existing  as  ammoala  per  milllan  uf  nia- 
water.  Way's  determinations  on  the  rain  of  two  years,  1855 
and  1856,  gave  a  mean  of  1*03  of  nitrogen  as  ammonia  pet 
million.  The  later  determinations  by  Frankland  gave,  oo  tbc 
other  hand,  0-37  of  nitrogen  as  ammonia  per  million  or  rain,  u 
the  numerical  mean  of  69  analyses,  excluduig  dew.  Indent,  if 
the  mean  be  calculated  from  Frankland's  56  analyses  of  rsinfftlli 
of  which  the  quantity  was  known,  the  nitrogen  as  ammonia 
in  a  mixture  uf  these  rainfalls  will  amount  to  oolj  0-316 
per  million. 

In  discussing  these  discrepant  results  It  was  stated  that  ttw 
method  used  in  the  earlier  determinations  of  ammonia  at 
Rothamsted,  and  also  that  by  Professor  Way,  were  probably 
liable  to  error  on  the  side  of  excess.  It  appeared  desirablr,  I 
therefore,  to  determine  the  ammonia  in  a  new  series  of  samplrs 
of  rain-water  by  the  application  of  modem  methods.  In  tie 
final  conclusions,  printed  at  the  close  of  the  Report  (thil 
'Journal,'  1882,  p.  66),  it  was  staled  that  some  new  determina- 
tions of  ammonia  had  already  been  made  at  Rothamsted,  the 
results  of  which  were  generally  accordant  with  those  of  Di. 
Frankland. 

The  new  determinations  of  ammonia  in  rain  which  we  now 
have  to  report,  include — 1.  A  series  of  determinations  in  iha 
rainfall  of  each  day  (if  any),  from  June  22,  1881,  to  January  5, 
1882  ;  2.  A  series  of  determinations  in  mixed  samples  td  raiiit 
each  representing  the  rainfall  of  a  whole  month. 

1,  Ammonia  in  Daili/  Rainfalls. — During  the  period  of  this 
investigation  nearly  every  sample  of  water  collected  in  the 
large  rain-gauge  (area  x^o^h  of  an  acre)  was  submitted  to 
analysis,  the  ammonia  being  determined  either  on  the  day  of 
collection,  or  within  at  most  two  or  three  days  of  this  date. 

The  ammonia  was  determined  in  all  cases  by  Nesder's  well- 
known  method.     Each  sample  of  rain  was  treated  in  the  fint 
place   with    Nessler  solution,   for  the  purpose  of  asccrlaining 
what  quantity  it  would   be  convenient  to  distil.      The  Toluroe 
of  rain  taken  for  the  actual  experiment  was  varied,  so  as  in  all 
cases  to  yield  ammonia  equal  to  nearly  2  cubic  centimeter*  uf 
the  standard  solution  of  chloride  of  ammonium,  the  nnavoidnblr 
errors  in  the  final  comparison  of  tint  being  least  at  this  poioL 
The  measured  volume  of  rain  was  then  added  to  th*  coottnii 
of  the  retort,  previously  freed  from   ammonia  by   bailing;  the  j 
whole   volume  in  the   retort   never  esceeded   6(X)  cubic  cMti-  j 
meters.     The   water    in    the    retort   always    coiilaioed    x   litlJp  J 
carbonate  of  sodium.     The  inner  tube  of  the  Liebig'ao 
employeii  haiV  a  (^iB.me\eT  of  tAKi\kV  \  uuJi :  the  niH 
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of  copper,  30  inches  in  length.  In  every  case  150  cubic  centi- 
meters of  water  were  distilled,  and  one  determination  of  ammonia 
made  in  the  whole  distillate. 

The  results  yielded  by  these  analyses  of  daily  rainfall  will  be 
found  in  Table  I.  (p.  6).  The  rain  (or  other  aqueous  deposit) 
was  collected  at  9.30  A.M.  Falls  of  snow  are  distinguished  by 
an  "  «,**  hoar-frost  by  an  "/*;'*  most  of  the  very  small  deposits  re- 
present dew.  The  observations  upon  the  direction  of  the  wind, 
made  at  the  hour  of  collection,  are  also  recorded  in  the  Table. 
Nearly  the  whole  of  the  determinations  of  ammonia  were  made 
by  the  late  Mr.  W.  H.  A.  Peake. 

These  daily  rainfalls  exhibit  an  enormous  variation  in  the 
proportion  of  ammonia  present,  the  quantity  ranging  from 
0*043  of  nitrogen  per  million,  found  in  a  rainfall  of  0*713  inch 
on  November  27,  after  two  preceding  days  of  heavy  rain,  to 
5*49  per  million  in  the  case  of  a  deposit  of  dew,  amounting  to 
0*007  inch,  occurring  on  September  17,  after  a  considerable  inter- 
val of  dry  weather.  One  condition  which  very  largely  determines 
the  proportion  of  ammonia  present  is  undoubtedly  the  quantity 
of  the  rainfall ;  with  increasing  quantities  of  rain  the  propor- 
tion of  ammonia  always  tends  to  diminish.  This  is  best  shown 
in  Table  II.  (p.  9),  in  which  the  whole  of  the  daily  rainfalls 
are  grouped  according  to  quantity.  Other  circumstances,  how- 
ever, have  a  still  greater  influence  on  the  proportion  of  ammo- 
nia, as  is  evident  by  a  glance  at  the  range  of  variation  found 
among  rainfalls  of  the  same  quantity,  also  shown  in  Table  II. 
The  chief  determining  factor  is  undoubtedly  the  condition  of 
the  atmosphere.  If  heavy  rain  has  recently  occurred,  and  the 
atmosphere  has  consequently  been  thoroughly  washed,  then 
even  the  smallest  deposits  are  found  to  be  poor  in  ammonia ; 
while,  on  the  other  hand,  after  a  considerable  interval  of  dry 
weather,  or  small  rainfall,  the  rain  is  sure  to  be  rich  in  ammonia. 
Several  examples  will  be  found  in  Table  I.  of  the  gradually 
increasing  richness  of  a  series  of  small  deposits  occurring 
without  any  considerable  amount  of  rain,  and  also  of  the  poverty 
in  ammonia  of  rain  collected  after  previous  wet  weather. 

In  the  previous  Report  on  the  Composition  of  the  Rain  at 
Rothamsted  it  was  shown  that  the  summer  rainfall  is  on  the 
whole  distinctly  richer  in  ammonia  than  the  winter  rainfall, 
and  confirmatory  evidence  of  this  fact  will  be  afforded  by  the 
analyses  of  the  mixed  monthly  rainfalls  to  which  we  shall  pre- 
sently call  attention.  This  difference  is  not,  however,  very 
marked  in  the  case  of  the  daily  rainfalls  at  present  under  dis- 
cussion. If  we  group  these  rainfalls  according  to  quantity,  as  in 
Table  II.,  and  compare  the  composition  of  similar  groups  of 
rain  occurring  in  the  warmer  months  (June  to  Se^tjeixiV^T\  «sA 
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Table  I. — The  Dailt  Rainfall,  and  the  Amount  of  Nitbooen  as 
Ammonia  per  Million  of  IlAiN,from  Jane  22, 1881,  to  January  5, 1882. 


Nitrogen 

Nitrogen 

Date  of 
Collection. 

RAinfall. 

M 

Direction 

Date  of 
GoUectioo. 

Rainfall. 

aa 

DtfMtioa 

Dew,  or 
Snow. 

Ammonia 
MUUon. 

of 
Wind. 

Dew,  or 
Snow. 

Ammonia 

WiBi. 

Million. 

1881 

Inches. 

1881 

Inchea. 

June   22 

0 

023 

0-350 

8. 

Aug.    SO 

1-000 

0070 

W. 

>•      23 

0 

•061 

0-329 

W. 

,,       81 

0-310 

0-206 

N. 

,,      25 

0 

•001 

•  • 

s. 

8ept.     1 

0-015 

1-400 

N. 

,,      26 

>>      27 
,,      28 

0 
0 
0 

•177 

-015 

092 

0-156 
0-576 

B.W. 

8. 

W. 

Whole    \ 
Month    / 

5-817 

0183 

•  .       29 

0 

001 

W. 

•  * 

Sept     2 

A'AIA 

n-'Toi 

N.W. 
N.W. 

July      6 

0 

304 

0-700 

8.W. 

0 

VA-X 

012 

0 

f  AA 

947 

•  •        7 

0 

•169 

0-268 

N.W. 

,.        4 

0 

•018 

0 

782 

N. 

>»        8 

0 

•001 

•  • 

8.W. 

,.        5 

0 

004 

•  • 

N.E. 

>f        9 

0 

•087 

0-309 

W. 

.»        6 

0 

•460 

0- 

144 

8.W. 

».       10 

0 

•013 

0-604 

8.W. 

.>        7 

0 

098 

0 

247 

N.W. 

«f       12 

0 

004 

• . 

8. 

.>        8 

0 

015 

0- 

535 

aw. 

,.       13 

0 

•004 

•  • 

8.W. 

.1       11 

0 

017 

1- 

153 

N. 

,,       16 

0 

•015 

2-676 

N.W. 

,,       12 

0 

024 

1- 

071 

N.W. 

«f      20 

0 

034 

2-368 

N.W. 

,.       13 

0 

046 

0- 

398 

8.W. 

..      22 

0 

006 

• . 

8. 

>i       H 

0 

007 

1- 

235 

W. 

•  ,      23 

0 

030 

1-688 

S.W. 

,,       15 

0 

004 

1- 

482 

8^ 

..      24 

0' 

124 

0-384 

s.w. 

ft       16 

0 

005 

1- 

565 

W. 

,,      25 

0 

020 

1*112 

S.W. 

..       17 

0 

007 

6 

490 

a 

».       27 

0 

014 

1-441 

8.W. 

,.       18 

0 

Oil 

8- 

129 

a 

fi       28 

0 

007 

•  • 

S.W. 

,,       19 

0 

067 

0- 

391 

aw. 

.,       29 

0- 

286 

0-117 

N.W. 

»,      20 

0 

007 

1- 

976 

8R. 

,,      81 

0- 

492 

0-120 

8. 

•  »      21 

0 

276 

0 

239 

E. 

Aug.      1 

0 

152 

0-100 

8. 

,.      22 

0 

Oil 

0- 

700 

W. 

.>      23 
,,      25 
•  ,      26 

0 
0 
0 

292 
787 
006 

0- 
0- 
0- 

425 
098 
439 

NR 

Whole   \ 
Month  / 

1-762 

0-880 

aw. 

8.W. 

,,      27 

.,      28 

•0 
0 

005 
006 

0- 
0 

885 
906 

aw. 

N.W. 

Aug.     2 

0029 

0-721 

N.W. 

>.        5 

0-004 

2  141 

8. 

,,      29 

0 

008 

1- 

647 

E. 

9 

0-923 

0-104 

W. 

,.       80 

0 

•007 

2 

635 

E. 

»,      10 
>.       11 
>.      12 
..       IS 
>>       14 
,,       16 

0  006 
0042 
0-166 
0-600 
0-026 
0070 

0-824 
0-576 
0-141 
0-166 
0-247 
0-871 

8.W. 

8. 
8.E. 

W. 
N.W. 
8.W. 

Oct       1 

0-007 

2-471 

N. 

Whole   \ 
Month  / 

2171 

0-906 

Oct      2 

0-011 

1-400 

N.E. 

,»       17 

0-090 

0-257 

W. 

8 

0007 

1-818 

NJB. 

,.       18 

0-245 

0-120 

W. 

>>        * 

0-004 

1-894 

N.B. 

>>       19 

0-302 

0103 

8.E. 

>f        5 

0-007 

1-647 

N.B 

,,      20 

0030 

0-782 

8.W. 

.«        6 

0022 

0-885 

W. 

»•      22 

0-285 

0-453 

8.W. 

.»        7 

0088 

1-647 

N.W. 

>,      23 

0-018 

1-235 

E. 

•  >        8 

0-808 

0211 

N.W. 

>»      24 

0-675 

0-244 

8.W. 

>f        » 

0  149 

0-466 

N.W. 

>.       25 

0-094 

0-313 

8. 

,,      10 

0  012 

0-782 

W. 

,,      26 

0-615 

0-131 

8.W. 

»>      11 

0*005 

0-659 

aw. 

>»      27 

0-211 

0-233 

W. 

.»       12 

0-021 

0*604 

aw. 

1*       29 

0-062 

0-272 

8. 

>>      18 

0  114 

0*884 

w. 
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Ls  L  (continued), — Tho  Daily  Rainfall,  and  the  Amount  of 
iTROGEN  as  Ammonia  per  Million  of  Bain,  from  June  22, 1881,  to 
mnarj  6,  1882. 


teof 
sction. 

BaiolklU 

Dew,  or 

Snow. 

Nitrogen 

an 
Ammonia 

per 
Million 

Direction 

of 

Wind. 

iSl 

Inches. 

.      14 

0 

769 

0  085 

8.W. 

15 

0 

008 

•  • 

W. 

16 

0 

004 

0-343 

N. 

17 

0- 

006 

0*313 

E 

18 

0 

008 

1-647 

E. 

20 

0 

004 

0-659 

N.E. 

21 

0 

280 

0-247 

6.E. 

22 

0 

032 

1-647 

E. 

23 

0 

982 

0-312 

E. 

24 

0 

150 

0-214 

E. 

25 

0 

020 

0-453 

N.E. 

26 

0 

•029 

0-329 

N.E. 

27 

0 

013 

0-604 

N.E. 

28 

0 

015 

0-713 

N.W. 

29 

0 

-006« 

0-844 

N.W. 

30 

0 

•017/ 

0-556 

N.W. 

31 

0010/ 

0-618 

8.E. 

lole    \ 
nth    / 

3046 

0-307 

r.       2 

0  037« 

0-988 

S.E. 

3 

0 

064 

0-288 

S.E. 

4 

0 

293 

0-494 

8.E. 

5 

0 

137 

0-181 

S.W. 

6 

0- 

031 

0-412 

W. 

7 

0' 

Oil 

0-467 

8.E. 

8 

0 

018 

4-255 

8.E. 

9 

0- 

005 

4-941 

aE. 

10 

0 

005 

4-392 

8.W. 

12 

0' 

060 

0-321 

8.W. 

13 

0 

007 

1-071 

N.W. 

14 

0 

005 

1-976 

N.W. 

16 

0 

Oil 

1-J318 

8.W. 

17 

0 

432 

0-124 

8.W. 

18 
19 

0 
0 

•015/ 
•051 

0-535 
0-371 

8. 
8.E. 

20 

0 

041 

1-235 

8.W. 

21 

0 

-186 

0-165 

8.W. 

22 

0 

169 

0-216 

8.W. 

23 

0 

•008 

0-316 

8.W. 

24 

0 

035 

0-288 

8.W. 

25 

0 

643 

0119 

S.B. 

26 

0 

•347 

0132 

8.E. 

27 

0 

713 

0-043 

S.W. 

28 

0 

006 

0115 

S.W. 

Date  of 
Collection. 


1881 
Nov.    29 
,,       30 
Dec.      1 


Whole 
Month 


) 


Deo. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

27 

28 

29 

31 


1882 
Jan.       1 


Whole    \ 
Month    / 


Rainfall. 

Dew,  or 

Snow. 


Inches. 
0-015/ 
0  009/ 
0-121 


Jan. 


9  9 
>  t 
t  > 


2 
3 
4 
5 


3-475 


} 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 


0  005 


•166 

0- 

-022 

0- 

-oos/ 

1^ 

•062 

0- 

-194 

0- 

•536 

0- 

-012/ 

0^ 

•044 

0- 

•004/ 

2- 

•076« 

0- 

-110 

0- 

-086 

0' 

-011/ 

• 

-260 

0- 

-213 

1^ 

•342 

0- 

•252 

0- 

•005/ 

0- 

•866 

0^ 

•424 

0^ 

-007 

0^ 

•018/ 

1- 

•031 

0' 

-002 

» 

•010 

1- 

•005 

1- 

-112 

0- 

4383 


0184 
0-290 
0-013/ 
0-134 


Nitrogen 

as 
Ammonia 

per 
MUlion. 


0-247 
1071 
0-302 


0-239 


357 
•508 
318 
275 
103 
070 
259 
362 
471 
577 
494 
329 

•300 
400 
196 
058 
137 
099 
079 
309 

029 

590 

"771 
853 
346 


1281 


0-230 


0118 
0  124 
0-357 
0-172 


Direction 

of 
Wind. 


S.W. 

8.E. 
6.E. 


B.W. 

8.E. 

8.K 

8. 

8.E. 
S.W. 

8. 

W. 
N.B. 
N.W. 
N.W. 
N.W. 
N.W. 
S.E. 

6. 
8.W. 

N. 
8.W. 
8.W. 
8.W. 
8.W. 

N. 
B.E. 
8.W. 
8.W. 
8.W. 
S.W. 
8.E. 


8.W. 


8.W. 
S.W. 
N.W. 

S.W. 


ai  lue  same  temperature 
necessarily  be  the  case,  I 
becomes  capable  of  takir 
spheric  ammonia.  The 
theoretically  be  highest  w 
ture,  a  cold  aqueous  dej 
atmosphere ;  such  conditi 
south  to  north,  or  when 
following  a  warm  day. 

The  infliience  which  tl 
proportion  of  ammonia  j 
tially  studied  from  the  dat 
fluence  of  warm  and  cold 
already  noticed  as  charat 
winter.  The  smaller  aq 
tinctly  richer  In  ammoni 
eflFect  is  not  perceptible  in 
Dr.  Frankland  bad  calle 
tion  of  the  rain-water  from 
gauge.  During  the  prese 
marks  were  wiped  off  as  si 
at  the  same  time  recorded, 
nection  between  these  mar 
the  rain.  Without  going  i 
these  marks  were  most  ab 
during  the  whole  of  Sepl 
noticed. 


Sulphuric  Acidj  in  the  Rain  -  Water  collected  at  Bothamsted.    9 


Table  II. — The  Ayebaoe  Amount  of  Nitrooen  as  Ammonia  in  Dailt 


1882. 

h^i  A  A  A  &  y  *A 

%^    aasBj    ^%«%i 

r^l    w>^    «^  WW* 

-"-^-if  "» 

Number 

Average 

Nitrogen  as 

Ammonia,  per  million. 

Groups  of  Bainfall. 

of 

Qoanttty 
of  each 

Examples. 

Rainfall. 

Average. 

Highest. 

Lowest. 

lochee. 

Below  01  inch         

35 

0  006 

1-536 

5-491 

0115 

From '01  to    *  02  inch    ..     .. 

27 

0  014 

1141 

4-255 

0-247 

From    0210     0410011     ..      .. 

19 

0  028 

0-924 

2-368 

0-247 

From  -0410    -06  inch     ..      .. 

5 

0045 

0-571 

1-235 

0-362 

From -06  to    -08  inch    ..      .. 

8 

0065 

0-359 

0-577 

0-272 

From  -08  to    -10  inch    ..     .. 

6 

0  091 

0-338 

0-576 

0-247 

From -10  to    -20  inch    ..      .. 

18 

0151 

0-232 

0-494 

0-100 

From  -20  to    -30  inch    ..      .. 

11 

0-266 

0-3G0 

1-400 

0-117 

From  -30  to    -40  inch    ..      .. 

7 

0-325 

0-229 

0-700 

0-099 

From  -40  to    -70  inch    ..      .. 

9 

0-542 

0  138 

0-244 

0-070 

From -70  to  1-00  inch    ..      .. 

5 

0-825 

0138 

0-312 

0-043 

Above  1  00  inch       

2 

1-126 

0-063 

0070 

0-058 

152 

0  142 

0-248 

5-491 

0043 

a  similar  manner,  unless  the  contrary  is  stated.  It  will  be 
noticed  that  several  small  deposits  were  left  unanalysed  daring 
the  earlier  part  of  the  investigation.  If  we  assume  for  these 
the  composition  proper  to  their  quantity  and  season,  the  average 
composition  of  the  whole  rainfall  from  June  22  to  January  5, 
amounting  to  21*645  inches,  becomes  0*254  of  nitrogen  as 
ammonia  per  million  of  water. 

2.  Ammonia  in  Monthly  Rainfalls, — ^A  mixed  sample,  repre« 
senting  the  rainfall  of  each  month,  has  been  regularly  prepared 
by  placing  im  a  carboy  a  fixed  proportion  (1  gallon  for  every 
inch)  of  the  rainfall  of  each  day.  In  June  1881  determinations 
of  ammonia  were  commenced  in  these  monthly  mixtures,  and 
have  now  been  continued  for  rather  more  than  two  years,  each 
mixture  being  analysed  as  soon  as  possible  after  the  termination 
of  the  month  of  collection.  A  considerable  number  of  monthly 
mixtures  of  rain-water,  made  previously  to  June  1881,  were  also 
analysed  in  this  month ;  these  samples  were  in  many  cases  of 
considerable  age  when  analysed.  All  the  analyses  of  monthly 
mixtures  will  be  found  in  Table  III.  (p.  11^;  the  results 
relating  to  old  samples  are  separated  by  a  thick  black  line 
from  those  obtained  by  the  analysis  of  fresh  samples. 

It  is  clear  that  the  determinations  in  the  monthly  mixtures 
can  only  be  of  value  if  the  ammonia  originally  in  the  rain 
remains  unaltered  till  the  analysis  of  the  mixture  can  be  made. 
In  our  former  Report  it  was  assumed  that  the  ammonia  in  rain- 
water would  diminish  on  keeping,  that  it  would,  in  Cayct^  ^r<w 
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bably  be  nitrified.  We  must  thus  in  the  first  place  consider 
what  evidence  we  have  as  to  the  permanence  of  ammonia  in  the 
rain-water  samples. 

From  the  daily  analyses  of  rain-water  already  given,  the 
composition  of  the  water  for  each  month,  July  to  December 
1881,  has  been  calculated,  correction  being  made  for  the  few 
rainfalls  left  unanalysed.  The  calculated  composition  of  the 
monthly  mixtures  is  compared  below  with  their  actual  com- 
positions when  the  mixture  was  completed ;  and  further,  with 
the  results  of  an  analysis  of  these  mixtures  made  in  December 
1882. 


Month  (1881). 


July 

August        

September 

October       

November 

December 

Numerical  Mean . . 


Nitrogen  aa  Anunonia,  per  million  of  Batn. 


Calcnlaied 

fhim  daily 

DetemiinaUons 

(ocnrected). 


0-399 
0183 
0-309 
0-309 
0-239 
0-234 


0-279 


Determined 
inMlztnreat 
end  of  Month. 


0-618 
0-178 
0-350 
0-214 
0-237 
0-196 


0-299 


Re-analj^ 
Dec.  IStia. 


0-638 
0172 
0-288 
0-255 
0-226 
0  175 


0-292 


On  looking  at  these  figures  it  appears  that  the  ammonia  in 
the  rain-water  possesses  considerable  permanence ;  in  one  or 
two  cases  onlj  is  there  any  distinct  diminution  of  ammonia 
by  keeping,  while  in  the  case  of  the  July  water  a  considerable 
rise  has  taken  place.  Further  re-analyses  of  old  samples  of  rain- 
water, which  we  need  not  give  in  detail,  show  that  a  considerable 
diminution  of  ammonia  by  keeping  is  rare,  and  the  increase  of 
ammonia  more  common.  In  fifteen  monthly  mixtures  of  rain- 
water the  mean  alteration  in  composition  during  1  to  1^  year 
was,  in  fact,  from  0*457  to  0*478  of  nitrogen  as  ammonia  per 
million  of  water.  The  rise  in  ammonia,  which  is  observed  in 
some  of  these  cases,  is  probably  due  to  the  decomposition  of 
the  nitrogenous  organic  matter  contained  in  the  rain.  That 
the  ammonia  in  rain  should  be  apparently  so  little  liable  to 
nitrification  will  probably  excite  surprise;  it  must  be  recol- 
lected, however,  that  the  rain-water  in  question  contains  a  rerj 
distinct  amount  of  lead  in  solution,  derived  from  the  gauge 
in  which  it  is  collected,  and  this  is  very  probably  fatel  to 
the  life  of  the  nitrifying  organism. 

In  Table  III.  the  means  calculated  from  the  determinations  in 
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Table  m. — The  Amount  of  yarious  Monthlt  Baintalls,  and  the 
Amounts  of  Nitbooen  as  Ammonia  per  Million  of  Bain,  and 
per  AoRE,  1878-83. 


Moirra. 


1878. 


1879. 


1880. 


1881. 


1882. 


1888. 


Mean. 


June,  1881, 

to 
May,  1883. 


1878  10 
1883, 


Rainfall — Inches. 


January 

•  • 

2-849 

0-550 

1139 

1-572 

3-304 

2-438 

1-883 

February 

.  * 

3-799 

2-901 

3-705 

2-020 

4-344 

3182 

3-354 

March    .. 

0-977 

1183 

1-128 

• . 

1-566 

0-885 

1-225 

1-148 

April     .. 

4093 

2-790 

2-161 

0-997 

3-925 

1-477 

2-701 

2-574 

May 

•  • 

•  • 

3-481 
5-551 

0-742 
1-966 

1-376 

2-068 
3-926 

1-886 

1-977 
2-780 

1-911 

June 

1-633 

3-269 

July 

.  • 

•  • 

5-261 

1-762 

2-087 

1-925 

3-037 

August  .. 

•  • 

•  • 

•  • 

5-817 

2  075 

3-946 

3-946 

September 

1-462 

3  131 

5-858 

2-171 

2-287 

2-229 

2-982 

October  .. 

• . 

0-815 

5-939 

3-046 

6-517 

4-782 

4-079 

Koyember 

. . 

•  • 

•  • 

3-475 

3-443 

3-459 

3-459 

December 

• . 

0-823 

3-472 

4-383 

3-283 

3-833 

2-990 

Total  .. 

• . 

.  • 

. .            •  • 

34-798 

•  • 

34-477 

34-632 

NiTBOGSN  AS  Ammonia,  pes  Miluon  of  Bain. 


January 
February 
March    .. 
April 
May 

June 

July 

August  .. 

September 

October 

Noyember 

December 


Ayerage 


0-357 
0-466 


0-576 


0' 

0 

0 

0 

0 


219 
298 
638 
617 
470 


0-384 


0-412 
0-988 

1-038 


0-495 
0-371 
0-371 
0-881 
1-276 

0-508 
0-309 

o-ieo 

0-165 
0.162 


0-659 
0-467 

0-604 
0-631 


0 
0 
0 
0 
0 
0 
0' 


412 
618 
178 
350 
214 
237 
196 


0-422 

0-213 

0-280 

0-227 

0-199 

0-208 

0-313 

0-856 

0-507 

0-319 

0-576 

0-389 

0-535 

0-412 

0-476 

0-445 

0-436 

0-503 

0-556 

0-453 

0-250 

0-401 

0-377 

0-254 

0-241 

0-137 

0-187 

0-360 

0-266 

0-343 

. . 

0-316 

0-320 
0-314 
0-483 
0-533 
0-557 

0-425 
0-413 
0-250 
0-318 
0-251 
0  187 
0-289 

0-340 


NlTBOGEN  AS  AtfMONIA,  IN  liBS.   PER  ACBE. 


January 

•  • 

0-141 

0-062 

0  170 

0-150 

0-159 

0-155 

0  136 

February 

•  • 

0-256 

0-243 

0-391 

0-104 

0-196 

0-150 

0-238 

March    .. 

0-079 

0-171 

0-095 

•  • 

0-111 

0-171 

0  141 

0-125 

April     .. 

0-432 

0-389 

0-431 

0-136 

0-283 

0-192 

0-238 

0-311 

May 

•  • 

•  • 

0-370 
0-482 

0-214 
0-226 

0-196 

0-250 
0-395 

0-176 

0-213 
0-274 

0-241 

June 

0-152 

0-314 

July 

•  • 

•  • 

0-368 

0-246 

0-238 

0-242 

0-284 

August  .. 

•  • 

•  • 

. . 

0-234 

0-213 

0-224 

0-224 

September 

0-191 

0-292 

0-212 

0-172 

0-208 

0190 

0-215 

October 

•  • 

0-182 

0-222 

0-147 

0-375 

0-261 

0-232 

Noyember 

•  • 

•  • 

•  • 

0-186 

0-107 

0-147 

0-147 

December 

•  • 

0-193 

0-127 

0-194 

0-267 

0-231 

0-195 

Total  .. 

•  • 

•  • 

. . 

.  • 

\  ^-101 

\       •• 

^   'i.-NSfc 

\v<5«SL 

'•'biGOK  m  lue  quanuty  oi 

In  Table  IV.  the  whol, 

mixtures  are  grouped  accoi 

and  the  results  for  the  sui 

TiBLB  IV.— The  Avmnni 

MOSTHLT  BAlNFALtS   of  di] 

and  the  Whole  Ysab. 

Sumnifr  Moutbt 

lUlnUL 

Menu 

AmuiuBl 

lUin.  |ao 

IVluwIlnch         ..1     1 

Abort  4  Im-h«    ..  1     g 
3S 

1-23 

a. so 

■*13 

-21 

The  gradual  decrease  la 
million  of  rain  as  the  rain 
w  plainly  shown  by  these 
brought  down  per  acre  nevei 
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yielded  an  average  of  0*254  of  nitrogen  as  ammonia  per  million 
of  rain.  Determinations  in  fresh  monthly  mixtures,  extending 
over  two  years,  have  given  an  average  of  0*316 ;  and  determina- 
tions in  fifty  monthly  mixtures,  rather  more  than  half  con- 
sisting of  old  collections,  an  average  of  0*340  of  nitrogen  as 
ammonia  per  million  of  rain. 

It  is  quite  evident  that  the  results  now  obtained,  while  they 
agree  well  with  those  given  by  Frankland's  analyses,  are  much 
lower  than  those  furnished  by  the  earlier  analyses  made  at 
Rothamsted,  or  by  Professor  Way.  Can  there  be  any  error  in 
the  recent  determinations  tending  to  deficiency  ?  Professor  J.  W. 
Mallet  has  lately  called  attention  to  the  necessity  of  supplying 
the  condenser  with  ice-cold  water  when  distilling  ammonia,  if 
loss  is  to  be  avoided.  Thus,  when  distilling  1  milligram  of 
ammonia  from  500  cubic  centimeters  of  water  in  the  ordinary 
way,  he  found  a  loss  of  14*5  per  cent.,  and  when  distilling 
0*5  milligram,  a  loss  of  7  per  cent.,  the  temperature  of  the 
distillates  being  27°  to  28°  C.  The  temperature  of  our  dis- 
tillates may  in  summer  time  be  as  high  as  the  point  just 
named ;  there  seem,  however,  no  grounds  for  supposing  that  an 
appreciable  loss  of  ammonia  has  occurred.  In  the  first  place, 
the  quantity  of  ammonia  in  the  retort  has  not  exceeded  0*1 
milligram,  and  has  therefore  been  much  below  that  mentioned 
by  Professor  Mallet  Further,  in  a  determination  made  in  June 
with  a  supply  of  iced  water,  the  distillate  having  a  temperature 
of  11°  C,  there  was  no  appreciable  difference  in  the  amount  of 
ammonia  found  from  that  obtained  in  a  determination  made  in 
the  ordinary  way  with  a  distillate  at  25^  C. 

The  evidence  thus  points  to  the  conclusion  that  the  early 
determinations  of  ammonia  in  rain  erred  on  the  side  of  excess. 
The  method  employed  at  Rothamsted  in  1853-4  is  given  in 
detail  in  the  Report  of  the  British  Association  for  1854.  The 
method  used  by  Way  in  1855—6  is  described  in  the  volume  of 
this  *  Journal '  for  1856,  p.  159.  To  enter  upon  a  full  discussion 
of  these  methods  would  lead  us  into  chemical  details  unsuited 
to  the  present  paper.  It  may  be  stated,  however,  that  in  both 
cases  the  ammonia  was  determined  alkalimetrically,  a  method 
admittedly  less  delicate  than  the  more  modem  Nessler  process. 
Again,  it  has  been  stated  by  Schloesing,  that  by  the  use  of  a 
glass  condenser  the  distillate  may  acquire  alkali  from  the  glass, 
and  it  is  obvious  that,  so  far  as  this  may  have  happened,  the 
effect  would  be  to  give  high  results  by  the  alkalimetric  method. 
There  is  also  the  further  question  whether  a  larger  proportion 
of  the  nitrogenous  organic  matter  was  not  converted  into 
ammonia,  and  determined  as  such. 
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Assuming,  then,  the  new  determinations  to  be  substantiallj 
correct,  what  estimate  can  be  given  of  the  amount  of  combined 
nitrogen  annually  furnished  by  the  rain  at  Rothamsted  ? 

If  we  take  the  results  of  the  daily  determinations  during 
six  months,  June  to  December  1881,  as  representing  half  a 
year,  then  the  nitrogen  as  ammonia  supplied  in  the  rain  in 
the  course  of  one  yeai:  will  amount  to  2*374  lbs.  per  acre.  If 
we  take  the  results  furnished  by  the  analyses  of  fresh  monthly 
mixtures  during  two  years,  the  annual  amount  becomes 
2*466  lbs.  per  acre.  If  the  analyses  of  old  monthly  mixtures 
are  included,  the  quantity  of  nitrogen  as  ammonia  becomes 
2*662  lbs.  per  acre  per  annum.  The  quantities  shown  by  these 
three  methods  of  estimation  agree  well  together,  but  the  first 
will  probably  most  nearly  represent  the  ready  formed  ammonia 
supplied  by  rain ;  we  have  learnt,  indeed,  that  in  the  case  of 
the  Rothamsted  rain-water,  collected  in  a  leaden  gauge,  the 
quantity  of  ammonia  tends  to  increase  with  the  age  of  the 
water,  a  part  of  the  organic  nitrogenous  matter  present  in 
the  rain  doubtless  undergoing  decomposition,  ammonia  being 
produced. 

The  two  series  of  determinations  of  nitric  acid  in  Rothamsted 
rain,  made  by  Way  and  by  Frankland,  have  been  described 
in  the  earlier  Report.  Way's  results  of  two  years'  (1855-6) 
analyses  of  rain,  gave  a  mean  of  0'12  of  nitrogen  as  nitric  acid 
per  million  of  water ;  equal  to  0*75  lb.  of  nitrogen  per  acre  for 
the  years  in  question.  Frankland,  using  a  more  modern  method 
of  analysis,  found  a  nearly  similar  proportion  of  nitric  acid  in 
rain-water.  The  numerical  mean  of  34  determinations  in  rain, 
excluding  dew,  gave  0*14  of  nitric  nitrogen,  while  the  average 
amount  in  28  rainfalls  of  which  the  quantity  was  known,  was 
0*149  of  nitric  nitrogen  per  million  of  water.  If  we  reckon  the 
present  average  rainfall  at  Rothamsted  (about  29  inches)  on  the 
latter  estimate,  the  quantity  of  nitrogen  as  nitric  acid  annually 
supplied  in  the  rain  becomes  nearly  1*0  lb.  per  acre.  The  total 
nitrogen  as  ammonia  and  nitric  acid  is  thus  about  3*3  lbs.  per 
acre  per  annum. 

We  have  yet  to  take  account  of  the  nitrogenous  organic  matter 
present  in  rain-water.  The  mean  quantity  of  nitrogen  in 
organic  combination  found  by  Frankland  in  69  samples  of 
Rothamsted  rain  was  0*19  per  million  of  water,  while  the  average 
amount  in  the  mixed  rainfall  of  56  collections  of  known  quantity 
was  0*165  per  million.  Taking  the  last-named  estimate,  and 
with  an  assumed  rainfall  of  29  inches,  the  quantity  of  nitrogen 
as  organic  matter  annually  contributed  in  the  rain  becomes 
1*08  lb.  per  acre.     In  the  case  of  Frankland's  analyses,  however, 
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the  samples  of  rain-water  were  of  some  age,  and  a  part  of  the 
organic  nitrogen  had  doubtless  become  ammonia. 

Bearing  this  fact  in  mind,  we  may  probably  take  4*5  lbs. 
per  acre  as  the  best  estimate  we  can  at  present  give  of  the  total 
combined  nitrogen  annually  supplied  in  the  Rothamsted  rain- 
fall This  is  only  about  two-thiixls  as  much  as  the  earlier  results 
indicated  as  due  to  ammonia  and  nitric  acid  alone;  but  it  is 
not  improbable  that,  in  their  case,  a  larger  proportion  of  the 
nitrogen  of  the  nitrogenous  organic  matter  was  converted  into 
ammonia,  and  estimated  as  such,  than  in  the  recent  determi- 
nations. 

In  addition  to  the  combined  nitrogen  carried  down  from  the 
atmosphere  in  rain,  we  have  to  consider  any  gain  to  the  soil  or 
to  the  crop  by  direct  absorption  of  ammonia  or  nitric  acid  from 
the  air.  As  far  as  any  gain  from  the  atmosphere  to  the  plant 
itself  is  concerned,  there  is  very  little  direct  experimental 
evidence  on  the  point,  but  such  as  is  available  would  lead  to 
the  conclusion  that  its  amount  is  practically  immaterial.  As  to 
the  amount  of  gain  by  absorption  by  the  soil,  there  is,  unfor- 
tunately, no  direct  or  satisfactory  evidence  at  command.  From 
such  evidence  as  does  .exist,  we  are  disposed  to  conclude  that 
with  some  soils  the  amount  will  probably  be  greater,  and  with 
others  less,  than  that  supplied  by  the  rainfall. 

The  Chlorine  in  Rain. 

Determinations  of  chlorine  in  monthly  mixtures  of  rain-water 
have  been  carried  out  at  Rothamsted  since  June  1877;  the 
results  obtained  up  to  the  close  of  1880  were  published  in  the 
previous  Report  on  Rain  and  Drainage.  The  determinations 
have  been  continued  by  means  of  the  volumetric  method  before 
described,  further  experience  with  this  method  showing  that  it 
gave  results  almost  identical  with  those  obtained  by  the  gravi- 
metric method. 

We  need  not  discuss  in  detail  the  results  obtained  in  in- 
dividual months,  which  will  be  found  in  Table  V.  (p.  16), 
but  turn  at  once  to  the  columns  showing  the  mean  results  of 
the  six  years*  observations. 

In  the  account  given  of  the  earlier  results  of  this  investigation  it 
was  pointed  out  that  the  winter  rainfall  was  far  richer  in  chlorine 
than  the  summer  rainfall ;  we  are  now  able  to  take  a  step  further, 
and  show  the  general  character  with  respect  to  chlorine  of  each 
month  in  the  year.  The  minimum  amount  of  chlorine  occurs 
in  the  rain  of  July.    In  August  and  September  there  is  a  distinct 
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Table  Y. — ^The  Monthly  Badtfall,  and  the  Amounts  of  Chlordob 
per  Million  of  Bain,  and  per  Agbb,  during  Six  Ybabs,  1877-83. 


MOHTB. 


1877. 


1878. 


1879. 


1880. 


1881. 


1882. 


1888. 


Mean. 


BAnnPALL — ^Inohes. 


Jannary     .. 

1-750 

2-849 

0-550 

1139 

1-572 

3-804 

1-861 

February  .. 

1-804 

3-799 

2-901 

3-705 

2  020 

4-344 

3-096 

March 

0-977 

1-183 

1-128 

2-153 

1-566 

0-885 

1-315 

April . . 

4-093 

2-790 

2-161 

0-997 

3-925 

1-477 

2-574 

May   ..      .. 

4-976 

3-481 

0-742 

1-376 

2-068 

1-886 

2-422 

June  .. 

1-435 

2-505 

5-551 

1-966 

1-633 

3-926 

2-836 

July  .. 

3-284 

0-656 

4-244 

5-261 

1-762 

2-087 

2-882 

Aug;uBt      .. 

2-596 

4-976 

6-558 

1-069 

5-817 

2075 

3-849 

September. . 

1-529 

1-462 

3  131 

5-858 

2-171 

2-287 

2-740 

October     .. 

1-950 

2-987 

0-815 

5-939 

3-046 

6-517 

3-542 

November.. 

5  159 

4-545 

0-814 

2-919 

3-475 

3-443 

3-393 

December  .. 

2-279 

1-601 

0-823 

3-472 

4-383 

3-283 

2-640 

Total  .. 

18-232 

32-332 

36-038 

33-966 

31-657 

34-769 

11-896 

33-150 

Ghlorinb  in  Lbs.  peb  Aobb. 


January    .. 
February  .. 
March 
April  ••     •• 
May  .. 
June  .. 
July  .. 
August 
September. . 
October 
November.. 
December . . 


Total  .. 


0-63 
0-18 
0-56 
0-60 


1 
2 
1 


•50 
■29 
01 


1-15 
0-20 
0-88 
0-51 
103 
0-84 
0-64 
1-31 
0-75 
1-74 
1-88 
1-09 


6-77     12-02 


1 
1 
1 
1 
1 
1 


96 
■57 
55 
05 
10 
01 


0-77 
1-26 
0-74 
0-49 
1-73 
1-07 


14-30 


0 

2 

0 

0 

0 

1 

0 

0 

1 

4' 

1 

1 


40 
10 
74 
85 
58 
10 
76 
31 
29 
03 
95 
34 


15-45 


2-58 
2-89 
0-95 
0-72 
0-74 
0-60 
0-27 
0-70 
0-37 
2-89 
212 
1-79 


16-62 


0-60 
114 
1-33 
2-31 
0-75 
0-71 
■76 
79 
60 
36 
85 
19 


0 

0" 

0 

3- 

8- 

1' 


16*89 


OhtiOBinb  peb 

MiLUON 

OF  Ratn. 

January     .. 

•• 

2-91 

3-04 

3-20 

10-00 

1-70 

300 

3-53 

February  .. 

.• 

0-50 

1-83 

3-20 

3-45 

2-50 

2-25 

2-41 

March 

. . 

4-00 

5-80 

2-90 

1-95 

3-75 

8-85 

4-W 

April.. 

. . 

0-55 

1-67 

1-73 

3-20 

2-60 

1-60 

1-71 

May   .. 

. . 

0-91 

1-40 

3-43 

2-38 

1-60 

1-40 

1-46 

June  .. 

1-95 

1-48 

0-80 

2-47 

1-63 

0-80 

1-27 

July  .. 

0-24 

4-31 

0-80 

0-64 

0-67 

1-60 

0-86 

August 

0-95 

1-16 

0-85 

1-30 

0-53 

1-68 

0-94 

September.. 

1-73 

2-28 

1-05 

0-97 

0-75 

1-15 

1-17 

October     .. 

3-40 

2-58 

2-65 

3-00 

4-20 

2-28 

2-91 

November . . 

1-97 

1-83 

9-38 

2-95 

2-70 

4-30 

2-89 

December  .. 

1-96 

300 

5-75 

1-70 

1-80 

1-60 

2-09 

Average 

1-64 

1-64 

1-75 

2-01 

2-32 

2-15 

2-78 

1-99 

2-24 

1-49 

2-21 

1-69 

1-77 

1-20 

0-68 

1-00 

0-60 

0-80 

.. 

0-82 

.. 

0-56 

•• 

0-8S 

•• 

0-78 

. . 

2-84 

•• 

2-28 

.  • 

1-25 

785 

14-92 
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but  not  a  verj  large  increase  in  quantity.  In  October  and 
November  a  great  rise  occurs,  the  quantity  of  chlorine  contained 
in  the  rain  being  three  times  as  latge  aa  during  the  two  pre- 
ceding months.  After  this  period  of  maximum  there  is  a  fall, 
bat  the  chlorine  remains  high  throughout  the  winter  months, 
the  diminution  towards  the  summer  period  not  commencing  till 
April.  Tbe  rain  of  March  has  yielded  the  highest  proportion 
of  chlorine  per  million  of  water,  but  this  is  partly  due  to  the 
small  rainfall  of  the  month.  Rather  more  than  two-thirds  of 
the  annual  supply  of  chlorine  is  contributed  by  the  winter 
months. 

In  the  next  Table  the  chlorine  determinations  in  72  monthly 
rainfalls  are  grouped  according  to  the  amount  of  the  rainfall,  and 
according  to  the  season  of  the  year. 

Table  VI. — The  Avkk&ok  Auount  of  Chlobiki  in  Mohtrlt  Baih- 
vALLs  of  different  Qcantitt,  in  Suuiieb,  Wintkb,  and  the  Wholh 
Ykak. 
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The  results  do  not  fall  into  a  very  regular  series.  It  would 
appear  that  in  summer  the  supply  of  chlorides  is  very  limited, 
for  a  large  increase  in  the  rainfall  is  attended  with  but  little 
rise  In  the  quantity  of  chlorine  brought  upon  an  acre.  In  winter, 
on  the  other  hand,  the  supply  of  chlorides  in  the  atmosphere  is 
so  constantly  renewed,  that  an  increased  rainfall  results  in  a 
considerable  addition  to  the  supply  per  acre.  The  rather  wide 
irregularities  in  the  composition  of  tbe  groups  of  rainfall  for 
the  whole  year,  are  principally  due  to  the  different  proportion 
of  summer  and  winter  months  which  enters  into  the  various 
groups. 

The  large  excess  of  chlorides  found  in  winter  rain  is  probably 
due  in  great  measure  to  tbe  chlorides  volarilised  during  the 
combustion   of  fuel ;    the  excess  in   question  is  too  uniform 
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At  the  Rothamsted  Laboratory  no  attempt  has  been  made  to 
determine  the  amount  of  sulphuric  acid  present  in  the  rainfall  of 
each  month ;  the  determinations  have  been  made  in  mixed  samples 
of  water  representing  the  rainfall  of  the  six  summer  and  of  the 
six  winter  months.  Approximate  determinations  of  sulphuric 
acid  in  forty  monthly  mixtures  of  rain-water  collected  in  the 
large  gauge  at  Rothamsted  have,  however,  been  made  by  Dr.  W. 
J.  Russell,  who  is  at  present  investigating  the  chemistry  of  rain. 

The  method  of  determination  at  Rothamsted  has  been  to  con- 
centrate about  15  lbs.  of  rain  in  a  glass  retort,  adding  a  little 
hydrochloric  acid  at  the  last ;  then  filtering,  precipitating  the 
sulphuric  acid  with  chloride  of  barium  in  the  usual  manner, 
and  collecting  and  weighing  the  precipitate.  Working  in  this 
manner,  four  mixed  samples  of  rain-water,  representing  the  fall 
during  two  summers  and  two  winters,  have  given  the  following 
results.     The  sulphuric  acid  is  reckoned  as  anhydride  (SO3). 

Table  VII. — The  Amount  of  Sulphubio  Aom  in  the  Baintall  of 
the  Six  SuMMSB  and  Six  Wintbb  Months  of  Two  Yeabs,  1881-3. 
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It  will  be  noticed  at  once  that  the  rain-water  furnished  by  the 
large  gauge  has  yielded  considerably  more  sulphuric  acid  than 
that  collected  in  glass  vessels  only.  There  can  be  little  doubt 
that  the  former  results  are  in  excess  of  the  truth.  Dr.  Russell 
informs  us  that  in  his  experience  vulcanised  caoutchouc  is  a 
constant  source  of  sulphuric  acid.  We  will  confine  our  attention, 
therefore,  to  the  results  shown  by  the  rain-water  collected  in  the 
glass  funnel. 

The  sulphuric  acid  (SO3)  contained  in  the  rain-water  col- 
lected in  glass  vessels  has  averaged  in  two  years  2*41  per  million 
of  water,  amounting  to  18*5  lbs.  per  acre  per  annum.  This 
quantity  would  appear  to  be  about  sufficient  for  the  demands  of 
I  ^ 


»u  U.G  Biuc  ui  excess  in  luir 
taking  place  in  the  collecting 
acid  in  the  Rothamsted  rain  i 
still  smaller  portion  derived  f 
amount  of  sulphuric  acid  foum 
ever,  to  a  further  source,  most 
This  indication  is  quite  in  ace 
Dr.  Angus  Smith,  that  the  i 
derived  from  the  products  of 
table  matter,  which  is  of  con 
months. 

Before  leafving  the  subject,  w< 
of  chlorine  to  sulphuric  acid  i 
100  :  12 ;  while  the  proportion  i 
has  been  100 :  78,  and  tn  the  si 


SUMMABT  C 

1.  152  analyses  of  rain,  sno 
senting  the  daily  collections  froi 
1882,  gave  an  average  of  0-248  ■ 
lion  of  water;  the  extremes  ot 
The  variations  are  dependent  on 
in  ammonia,  and  on  the  quant 
deposits  containing  the  larger  pi 
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Sidphuric  Acidf  in  the  Rain-Waier  collected  at  Bothamsted.  21 

2*374  lbs. ;  from  the  analyses  during  two  years  of  fresh  monthly 
mixtures,  2*466  lbs. ;  from  the  analyses  of  fifty  monthly  mix- 
tures, many  of  them  old,  2*662  lbs.  The  nitrogen  as  nitric 
acid  is  apparently,  from  Frankland's  and  Way's  results,  about 
I'O  lb.  per  acre,  and  the  nitrogen  as  organic  matter  a  similar 

Quantity.    The  total  combined  nitrogen  in  the  annual  rainfall  at 
Lothamsted  would  thus  be  about  4*5  lbs.  per  acre. 

4.  Six  years'  determinations  of  chlorine  in  monthly  mixtures 
of  rain  give  an  average  of  1*99  per  million  of  water,  or  14*92  lbs. 
per  acre,  equal  to  24*59  lbs.  of  pure  common  salt.  Two^thirds 
of  the  chlorides  fall  in  the  six  winter  months,  October  to  March. 
The  minimum  quantity  falls  in  July ;  the  maximum  in  October 
and  November. 

5.  Determinations  of  sulphuric  acid  in  the  rain  of  two  years 
have  given  a  mean  of  2*41  per  million  (reckoned  as  anhydride), 
or  18*5  lbs.  per  acre  per  annum.  The  sulphuric  acid  occurs  in 
nearly  equal  quantity  in  summer  and  winter. 
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In  the  previous  Report  in  this  ^  Journal/  ^^  On  the  Amount  and 
Composition  of  the  Rain  and  Drainage-Waters  collected  at 
Rothamsted "  (zvii.  [2]  241,  311 ;  zviiL  1),  an  account  was 
given  of  the  quantities  of  nitrates  and  chlorides  found  in  the 
drainage-waters  from  the  uncropped  and  unmanured  soils 
forming  the  three  soil  drain-gauges  at  Rothamsted.  An  account 
was  also  given  of  the  amount  of  nitrates,  chlorides,  and  other 
constituents  found  in  the  drainage-waters  from  the  variously 
manured  plots  in  Broadbalk  Wheat-field.  Various  important 
conclusions  were  drawn  from  these  analyses  of  drainage-waters, 
and  especially  from  the  amount  of  nitrates  present,  which 
varied  greatly  according  to  the  cropping  and  manuring  of  the 
land.  We  now  propose  to  proceed  a  step  further,  and  describe 
the  results  which  have  been  obtained  by  actual  determinations 
of  nitrates  in  soils  of  various  history. 

The  matter  at  our  disposal  embraces  miscellaneous  deter- 
minations of  nitrates  and  chlorides  in  various  soils  on  the 
Rothamsted  Farm,  both  fallow  and  cropped  ;  and  also  a  series 
of  determinations  of  nitrates  and  chlorides  in  the  soils  of  the 
variously  manured  plots  of  the  Experimental  Wheat  and  Barley 
fields.  The  examination  of  these  soils  has,  in  the  great 
majority  of  cases,  been  confined  to  the  depth  of  27  inches  from. 

2  ^"i. 
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the  surface.  Of  the  amount  of  nitrates  or  chlorides  which  maj 
be  present  in  the  lower  depths  of  the  subsoil,  under  Tarioas 
circumstances,  we  have  as  jet  but  little  information.  In  the 
present  paper  attention  will  be  confined  to  the  amounts  of 
nitrates  found  in  the  soils. 

Method  op  Soil-sampling,  and  op  Analysis. 

The  samples  of  soils  have,  with  few  exceptions,  been  taken 
in  the  manner  first  adopted  at  Rothamsted  in  1856,  and  uniformlj 
employed  since,  though  not  hitherto  described  in  this  ^  Journal* 
A  rectangular  tube,  made  of  stout  sheet  iron,  6  inches  square  and 
generally  9  inches  deep,  having  a  strong  rim  outside  its  upper 
edge,  is  driven  into  the  soil  until  the  upper  edge  is  level  with 
the  surface  of  the  land.  The  contents  of  the  tube  are  carefully 
removed  without  disturbing  its  position,  and  constitute  the 
sample  of  the  first  9  inches  of  soil.  If  a  sample  of  the  second 
9  inches  is  to  be  taken,  the  empty  iron  tube  is  covered  with  a 
lid,  and  the  soil  surrounding  it  cleared  away  down  to  the  lerel 
of  its  lower  edge ;  the  tube  is  then  again  driven  into  the  soil, 
till  its  upper  edge  is  at  the  level  which  its  lower  edge  pre- 
viously occupied  ;  the  contents  of  the  tube  are  now  a  sample 
of  the  second  9  inches  of  the  soil.  By  proceeding  in  this  waj 
samples  may  be  taken  to  any  desired  depth.  An  iron  tube  12 
inches  square  is  sometimes  used  for  taking  a  sample  of  the  sur- 
face soil  when  this  is  covered  with  vegetation. 

By  this  method  of  sampling  the  soil  and  subsoil  are  obtained 
in  their  true  proportion.  The  samples  taken  also  represent 
a  known  area  and  depth  of  soil ;  the  results  of  their  ainalysis 
consequently  admit  of  comparison  with  each  other;  the  con- 
stituents found  can  also  be  reckoned  into  pounds  per  acre.  It 
is  much  to  be  desired  that  the  taking  of  soil-samples  with  the 
spade  should  be  entirely  discarded.  Samples  so  obtained 
represent  variable  depths  and  no  definite  area,  and  they  can 
only  by  accident  include  the  true  proportion  of  soil  and  subsoil ; 
the  results  of  their  analysis  are  consequently  of  little  value  for 
purposes  of  comparison  or  calculation. 

Both  surface-soil  and  subsoil  being  more  or  leas  irregular,  it 
is  always  necessary  to  take  samples  from  several  places  on  the 
same  plot,  or  in  the  same  field.  The  samples  of  the  surface-soil 
are,  as  a  rule,  kept  separate,  a  mixed  sample  being  made  of  a 
part  only,  and  the  remainder  reserved  for  reference  or  separate 
analysis.  The  samples  of  subsoil  are  generally  at  once  mixed. 
Each  sample  is  weighed  in  the  field  as  soon  as  collected ;  it  is 
then  broken  into  small  pieces,  spread  on  trays,  and  dried  in  a 
stove-room  at  a  temperature  of  about  55®  C.  (131°  F.).     The 
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soil  when  dried  is  further  pulverised ;  all  stones  retained  by  a 
sieve  with  ^inch  meshes  are  removed,  and  all  visible  roots ;  the 
remaining  soil  is  then  finely  powdered,  and  stored  in  bottles  for 
analysis.  The  stones,  roots,  and  fine  soil  obtained  from  the 
original  sample  are  all  weighed. 

The  immediate  partial  drying  of  the  soil  is  absolutely  neces- 
sary, if  it  is  desired  to  ascertain  the  quantity  of  nitrates  present 
in  the  land  from  which  the  sample  was  taken,  as  the  production 
of  nitrates  takes  place  with  considerable  rapidity  in  a  moist  soil 
freely  exposed  to  air.  The  soil  must  not,  however,  be  dried  at 
too  high  a  temperature,  or  loss  of  nitrates  may  occur.* 

To  ascertain  the  quantity  of  nitrates  present  in  the  soil, 
200  to  400  grams  of  the  finely-powdered  soil  are  extracted 
with  water  on  a  vacuum  filter.  The  nitric  acid  is  determined 
in  the  watery  extract  by  a  modification  of  Schloesing's  method, 
the  details  of  which  have  been  described  elsewhere,  f 

HiSTOBY  OF  THE  SoiLS   EXAMINED. 

It  will  be  convenient  to  bring  together  under  one  head  the 
necessary  descriptions  of  the  various  soils  in  which  nitrates 
(and  chlorine)  have  been  determined.  All  the  fields  we  have 
to  mention  form  part  of  the  Rothamsted  Farm.  The  soil  is  in 
every  case  a  more  or  less  heavy  loam,  with  flints ;  having  a 
deep  clay  subsoil,  resting  on  chalk.  In  one  instance  only  was 
the  chalk  reached  at  the  depth  of  6  feet.  Samples  were  in 
every  case  taken  from  several  places  in  the  field  or  plot,  and 
the  analyses  made  on  mixtures  of  these  samples. 

Little  Hoos  i^t^W.— Sampled  September  26-29,  1877.  This 
field  is  not  part  of  the  strictly  experimental  land.  In  1877  the 
crop  was  barley,  in  half  of  which  clover  had  been  sown.  The 
division  of  the  field  we  are  here  concerned  with  had  grown 
cereal  crops  for  eleven  years,  the  last  nine  crops  being  barley. 
During  the  last  seven  years  the  annual  manuring  consisted  of 
superphosphate,  with  2  or  2j^  cwts.  of  nitrate  of  sodium. 
Samples  of  soil  were  taken  in  four  places  from  each  division 
of  the  field ;  the  sampling  was  carried  to  the  depth  of  54 
inches. 

Agdell  Field. — Sampled  September  24^25,  1878,  and  Sep- 
tember 8,  1882.  In  this  field  systematic  experiments  upon 
the  ordinary  four-course  rotation  have  been  conducted  since 
1848.  We  are  only  here  concerned  with  two  divisions  of  the 
field,  representing  respectively  the  highest  and  lowest  condition 

•  « Trans.  Chem.  Soc.'  1882,  p.  351.  t  Ibid.  pp.  345,  351. 
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of  the  soiL  In  the  first  divifion  the  tmnips  are  manured  with 
200  Ibf  •  of  ammonium-salts  (equal  parts  sulphate  and  chloride), 
2000  lbs.  rape-cake,  3j^  cwts.  superphosphate  (200  lbs.  bone-ash 
and  acid),  300  lbs.  sulphate  of  potassium,  200  lbs.  ralphate  of 
sodium,  and  100  lbs.  sulphate  of  magnesium.  The  tomips  are 
fed  on  the  land,  and  the  three  following  crops  are  unmanuied. 
In  the  second  division  the  turnips  are  manured  with  3^  cwts.  of 
superphosphate  onlj,  and  are  carted  off  the  land ;  all  the 
following  crops  are  unmanured.  In  1878  each  divisicHi  of  the 
field  was  half  in  beans  and  half  in  fallow.  Samples  of  soil  were 
taken  both  from  the  bean  land,  and  from  that  left  as  bare  £bl11ow 
through  the  summer ;  each  plot  was  sampled  in  three  places, 
but  only  to  the  depth  of  18  inches. 

In  1882  the  soil  bearing  the  fully-manured  rotation  was  again 
sampled  ;  it  was  then  half  in  clover  and  half  in  fallow.  The 
clover-land,  and  that  under  bare  fallow,  were  each  sampled  in 
three  places,  to  the  depth  of  27  inches. 

Hoos  Field.— 1.  Wheat  and  jFa/2(>to.— Sampled  September  28, 
1878,  and  March  29,  1881.  The  experiment  with  alternate 
wheat  and  fallow,  both  unmanured,  has  been  in  progress  since 
1851.  Samples  of  soil  were  taken  in  September  1878,  firom 
three  places,  to  the  depth  of  18  inches,  bodi  on  the  wheat  and 
fallow  land.  In  March  1881,  the  land  which  had  grown  wheat  in 
1880  was  again  sampled  in  five  places,  to  the  depth  of  27  inches. 

2.  C7ov0r-/biuf.— Sampled  March  29,  1881,  and  Jnly  26-31, 
1882.  This  portion  of  the  field  has  been  devoted  to  experi- 
ments with  clover  since  1849 ;  but,  owing  to  the  lepnted 
failure  of  the  crop,  the  land  has  very  frequently  been  in  the 
condition  of  bare  fallow ;  one  crop  of  wheat  and  three  of  bariey 
have  also  been  taken.  The  five  plots  from  which  samples  of 
soil  were  taken  in  1881  had  been  manured  either  with  super- 
phosphate ;  or  with  the  sulphates  of  potassium,  calcium,  and 
magnesium,  with  chloride  of  sodium ;  or  with  mixtures  of  these 
manures ;  but  they  had  received  no  nitrogenous  manure  since 
the  commencement  of  the  experiment  in  1849.  In  March  1881, 
single  samples  of  soil  were  taken  from  each  plot  to  the  depth 
of  27  inches.  The  analyses  were  made  on  a  mixture  of  the  five 
samples. 

In  July  26--31,  1882,  samples  of  soil  were  taken  from  two 
portions  of  two  of  the  above  five  plots.  The  two  portions  with 
which  we  are  at  present  concerned  grew  respectively  Bokhaii 
clover  {Melilotus  leucantha)^  and  white  clover  (TVifoHum  npeiu)i 
Both  of  the  plots  had  been  manured  with  the  snlfdiales  of 
potassium,  calcium,  and  magnesium,  and  chloride  of  sodium, 
with  superphosphate ;  no  nitrogenous  manure  had  been  apjdied. 
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Sampled  of  soil  were  taken  from  two  places  on  each  plot  to  the 
depth  of  54  inches. 

3.  Barley4and. — Sampled  February  24  to  March  7,  1882.  A 
large  part  of  Hoos  Field  has  been  continuously  cropped  with 
barley  since  1852.  Particulars  as  to  the  manures  applied,  and 
the  produce  obtained  on  those  plots  with  which  we  are  at  present 
concerned,  will  be  found  in  Table   I.     The   <<  mixed  mineral 

TaBlb  I. — ^Manubino  and  Annual  Pboduob  psb  Aobb  of  certain  Plots 

in  Hoos  Bablst  Field. 


Plot. 


la 
So. 
8a 
4  a 


MAVUBnro. 


Unmaniired 

Superphosphate 

Snlphates  of  Potasaimii,  Sodium,  Magnesium 
Mis^  Mineral  Manure       

200  lbs.  Ammonium-salts 

H      AnmL-salts,  and  Superphosphate 
„  ,,        ,  and  Sulp.Pot,  Sod.,  Mag. 

M  M       f  ttod  Mixed  BlUneials  .. 


Avenge  Prodaoe, 
80  yean,  1862-81. 


Dressed 
Corn. 


Bushels. 

23 

19J 

24} 


Toua 

Prodooe 

(Corn  and 

Straw). 


lbs. 
2150 
2604 
2296 
2753 


Prodoosb 
1881. 


Dressed 
GorzL 


Bushels. 


13 

1?! 


Totsl 

Ptodnoe 

(Oomand 

Straw). 


lbs. 
1609 
1822 
1709 
1770 


lA. 

8a. 
8a. 
4a. 


80) 
44J 
83} 
44} 


3612 
5368 
4023 
5534 


83i 
431 
371 
42} 


8249 
4195 
8776. 
4892 


1  AA. 

8. 
8. 
4aa. 


275  lbs.  Nitrate  of  Sodium 

Nit  Sod.,  and  Superphosphate    .. 
„        ,  and  Sulph  rot.,  Sod.,  Mag. 
H        ,  and  Mixed  Minerals    .. 


ft 


ft 


34! 

47J 


4147 
5784 
4421 
6007 


861 
47} 


8762 
4141 
4152 
5114 


la 

8a 
8a 
4a 


1000  lbs.  Bape-oake     

,  and  Superphosphate    . . 
9  and  Sulph.Pot,Sod.,Mag. 
•  and  Mixed  MineralB  .. 


n 


tt 


48} 
45 

41} 
45} 


5243 
5515 
5168 
5661 


41} 
48 
40} 
45 


4576 
5240 
4417 
4778 


7» 
7« 


Unmanured  (Farmyard-manure,  1852-71) 
14  tons  Farmyard-manure 


84}» 
49 


4020* 
6040 


292 
53{ 


8063 
5707 


*  Average  produce  of  10  years  (1872*81)  without  manure. 


manure  "  consists  of  superphosphate,  with  the  sulphates  of  potas- 
sium, sodium,  and  magnesium.  The  ammonium-salts  are  a 
mixture  of  equal  parts  sulphate  and  chloride.  The  manures  are 
all  ploughed-in  in  the  spring,  before  sowing  the  barley.  The 
samples  of  soil  were  taken  between  February  24  and  March  7, 
1882,  from  four  places  on  each  plot,  to  the  depth  of  27  inches. 


8  Niinffen  at  Nitrw  Jeid,  in  tht  SoiU 

Clay  Crofi  avd  Fotter't  Field.— Snmpled  October  3-4,  1881. 
These  two  fieldi  are  under  the  ordinarjr  cuItivstioD  of  the  ikim. 
The  preceding  cropping  in  each  case  had  been — barlej  with 
gnano  in  1880,  barley  with  tuperphosphate  and  nitrate  of  sodiom 
in  1879,  wheatwith  nitrate  in  1878.  Foater's  Field  had  receiTsd 
dnng  in  1877 ;  Clay  Croft  being  at  the  aame  time  fJallow.  Both 
fields  were  in  bare  fallow  when  sampled.  Samples  were  taken 
in  each  case  from  thiee  places,  to  a  depth  of  27  inches. 

Broadbalk  Fie/tf.— Sampled  October  10-18,  1881.  Thii 
field  has  been  continnoiuly  cropped  with  wheat  since  1843-4 ; 
the  manuring  and  average  produce  of  the  plots  with  which  we  are 
concerned  at  present  will  be  found  in  Table  II.  The  "  mixed 
mineral  mannre "  and  the  "  ammonium-salts "  are  «imil»r  lo 
those  applied  to  the  barley  in  Hoos  Field.     The  ammoaium- 


ToM 

(Cum  and 


14  tuna  FtuTiifaTtl.QiBDaro       

UnmaQored        

Ummmir«d         

Mixeil  Mineral  Mnuitre 

£00  Iba.  Ammonium-Baits  und  Mizod  Uioonls 
100  IbB.  „  n  „ 

eOOIbfl,  «         ■  MI, 

550  lbs.  Nitrnta  of  SodLnm  nad  Mixed  Miaerola 

550  Iba.  Nitrate  of  Sodium,  alooa 

mo  lbs.  AmnoniiUD'ealb,  atono 

400  Iba. 'Anuaniuuai-BaltB,  alono 

100  lb».  Auuu.-aaltB,  and  SupoTpboepliato    .. 

„  „  ,  Sapcrpl]De.fiiilp.SodiDlD 

„  „  ,  Bapdiphos.  8ui(ih.  Potaas. 

„  „  ,  Biipen)lin».  Sulpb.  Mag. 

.,  „  ,  Mixed  Miuerais  (')      .. 

TTnmanDred  tiiuce  16GS 

Mined  Mineral  HsDuro  (*)     

400  lbs.  Aiiimonium.ealts  (■) 

ITOUlbs.  liiipt-cnke  (') 


•)I4( 


(■}  For  1872,  and  preiioualj,  400  Iba.  Sulpliate  of  Aioniaaiiiiii,  with  Mix«d 
(*)  Average  produce  of  17  yean,  1865-81,  wiOiout  Manure;   preriondj  . 


red  1 


800  lbs.  Ammouium-salta  and  Mixed  Minemls. 

O  The  Manuree  on  these  two  Plots  alternate  each  Tsar. 

(*)  Average  produce  of  Minenl  Manure,  alternating  with  Aqunoninm-aalta. 

(■)  ATerage  produce  of  Ammonium-sal ta.  altamatins  vith  Uinenl  Mangm. 

(■)  For  1S78,  and  proTiouslj,  300  Ibn.  {Sulphate  of  Ammonioni,  500  Ibo.  B«iw<akD,  wilk 
Superphosphate  prepajod  with  Kydrochloiic  Acid. 
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salts  and  nitrate  of  sodium  are  applied  as  a  top-dressing  in 
March.  On  Plot  15  the  ammonium-salts  have  since  1878  been 
ploughed  or  harrowed-in  in  autumn.  The  farmjard-manure 
and  rape-cake  are  also  applied  in  autumn.  During  twelve 
seasons,  1868—79,  the  straw  of  the  preceding  crop  was  returned 
to  the  land  in  the  form  of  chaff  in  the  A  division  of  Plots  5,  6,  7, 
8, 11, 12, 13, 14,  and  on  17  or  18,  according  to  which  of  the  two 
received  mineral  manure  only.  On  Plot  15 A  the  straw  was 
returned  during  six  seasons,  1874-9.  The  effect  of  the  straw 
on  the  produce  has  been  very  small.  Further  particulars  of  the 
manuring  will  be  found  in  the  previous  Report.  The  samples 
of  soil  were  taken  between  October  10  and  18  from  six  places 
on  each  plot,  to  the  depth  of  27  inches.  In  most  cases  in 
which  a  plot  consists  of  two  **  lands,"  only  the  A  division  was 
sampled.  . 

Geescroft  FiVW.— Sampled  April  9-13,  1883.  This  field  has 
been  cropped  with  beans  since  1847,  but  in  the  later^years  the 
produce  has  much  fallen  off,  and  wet  seasons  have  so  interfered 
with  the  cultivation  that  the  experiment  has  been  discontinued. 
Since  1870,  small  crops  of  beans  have  been  obtained  in  1874, 
1875,  1877,  and  1878 ;  and  the  usual  manures  have  been 
applied  in  1875,  1876,  and  1878.  In  1879,  1880,  and  1881 
the  land  was  ploughed  several  times,  but  no  seed  sown. 
In  1882  the  land  was  ploughed  in  February  ;  grass-seeds  were 
sown  in  September,  which  failed.  In  April  1883,  samples  of 
soil  were  taken  from  most  of  the  plots,  in  two  or  four  places, 
and  in  some  instances  to  the  depth  of  72  inches. 

The  Nitbogen  as  Nitrates  in  Soils  op  various  History. 

In  the  previous  Report  the  three  drain-gauges  at  Rothamsted, 
containing  uncropped  and  unmanured  soil,  were  described,  and 
the  results  of  the  systematic  analysis  of  the  drainage-waters 
during  the  last  four  years  were  given.  We  are  now  able  to 
give  the  mean  results  of  six  years.  May  1877  to  April  1883. 
The  nitrogen  as  nitrates  has  averaged,  in  the  case  of  the  soil 
20  inches  deep,  42*5  lbs. ;  in  that  of  the  soil  40  inches  deep, 
36*1  lbs. ;  and  in  that  of  the  soil  60  inches  deep,  41*9  lbs. 
per  acre  per  annum.  The  mean  of  the  three  results  is  40*2  lbs. 
This  quantity  will  represent  the  mean  annual  production  in  the 
soils  in  question,  if  we  assume  that  no  loss  of  nitrates  by 
reduction  has  taken  place.  The  soils  of  the  drain-gauges 
cannot,  however,  at  present  be  taken  as  representing  land  in 
good  agricultural  condition.  The  soils  have  undergone  no 
tillage  during  13  years,  saving  the  small  disturbance  resulting 


It  u  geaerallj'  in  July  that  tb 
portion  of  nitratei  is  obfeired 
has  been  shown  to  be  great!;  1 
up  to  98"  Fahr.  (37°  CA  we  m 
daring  the  months  of  July  ant 
to  keep  the  soil  in  a  moist  coO' 
InTablesIlL,  IV..  VI.,  and 
nitrogen  as  nitrates  which  ban 
subsoils  on  the  Rothamsted  ] 
these  soils  has  been  already  de 
the  results  yielded  by  uncroppi 

1.  Nitrates  i 

In  Table  III.  (Nos.  1,  2,  7 
nitric  acid  in  four  soils  in  fi 
had  been  cultivated  as  bare  fall 
1881,  and  1882.  The  samples 
or  October,  before  any  consider 
drunage  had  taken  place.  In 
nitrates  amounts  respectively  to 
per  acre  in  the  first  27  inchei 
18  inches  from  the  surface, 
fallen  during  the  summer  mont 
are  chiefly  found  in  the  first 
principally  occurs ;  hut  if  mu< 
the  Utdr -nn,™— —'.—•-   •<--  ■-■ 
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Table  III. — The  Quantity  of  Nitboqen  as   Nitbates  found  in 
Fallow  and  Gbopped  Land  varioasly  manured. 


Prerlotu  Cropping  and  MAnaring. 

Nitrogen  as  Nitrates  in  Lbs. 
per  Acre. 

No. 

First 

Nine 

Inches. 

Second 
Nine 

Third 

Nine 

Inchff. 

Total. 

Clat  Oboft  Ftei^d  :  sampled  October  3, 1881, 

» 

1 

Fallow  (ordinary  cultivation) 

16-4     26-5 

15*9 

58-8 

FoflTTEB's  FusLD .'  Sampled  October  3, 1881. 

2 

Fallow  (ordinary  cultivation) 

14*6 

24-6 

17*3 

56*5 

AoDBLL  FiKLD  .*  Sampled  September  24-25, 1878. 

3 

4 
5 
6 

Fallow  (Rotation  ftilly  manured)    ..     .. 

Fallow  (Rotation,  superphosphate  only) 
Beans           „                  .,                  „ 

300 

121 

22-3 

72 

■  . 

18*8 
8-4 

14*0 
3  3 

not  taken 

•• 
It 

48*8 
20*5 
36*3 
10*6 

AoDELL  Field:  sampled  September  8»  1882. 

7 
8 

Fallow  (Rotation  fully  manured)    ..     .. 
Clover         »          M          f»           ..     •• 

40-1 
11-4 

14-3 

4*8 

5-6 
3*4 

59-9 
19-6 

Hogs  Field  :  sampled  September  28, 1878. 

9 
10 

Fallow  (unmanured  land)        

Wheat           „            „            

28-5 
2-6 

5-2 
trace 

not  taken 

83-7 
2*6 

Hoos  Field  :  sampled  March  29, 1881. 

11 

12 

Wheat  (unmanured  land)       

Clover  (superphosphate  and  alkalies)     .. 

7-5 
12-3 

3-6 
8*4 

3*4 
18*^ 

14*5 
38*9 

It  is  obvious  that  the  quantity  of  nitrate  found  in  a  soil  at  the 
end  of  a  summer*s  fallow  does  not  represent  the  whole  quantity  of 
nitrate  formed  in  the  soil  in  the  course  of  a  year ;  a  part  of  this 
has  been  already  removed  by  drainage,  and  has  passed  into  the 
subsoil.  The  experiments  at  Rothamsted  afford  some  means  of 
estimating  this  loss  by  drainage.  The  fallows  we  have  just  men- 
tioned followed  crops  of  barley.  We  may  assume  that  in  July, 
after  the  blooming  of  the   barley,  the  soils  to  the  depths  in 


a  low  estimate  of  the  loss  sufiei 
monthB.     Theie  estimates  lead 


Nltngen  u  uitralea  in  dniaage,  Au^ 

„  in  soil,  September  < 

Total  prodnctioQ  uf  Dltrogen  ai 

*  UaoD  of  the  qtumtitiea  found 

It  ma;  be  fairlj  urged  that  t1 
nitrates  formed  per  acre  during 
on  the  side  of  excess,  as  the  j  assi 
nitrate  in  the  soil  at  the  commi 
take  no  account  of  any  drawing 
during  dry  weather,  by  which  i 
upper  layers  may  be  recovered, 
mates  of  the  loss  by  drainage 
moderate.  On  the  whole,  the  « 
to  the  conclusion  that  the  quan 
of  the  Rothamsted  soils  in  gw 
rated  as  bare  fallow,  will  be  eq 
per  acre.  The  time  available 
fallow  is,  however,  greater  that 
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respectively  36*3  lbs.  and  33*7  lbs.  per  acre,  to  the  depth  of  18 
inches  only.  Both  amounts  are  smaller  than  those  feund  to 
the  same  depth  in  soils  in  good  agricultural  condition.  The 
richness  of  the  soil  in  nitrifiable  matter  has  thus  a  great  in- 
fluence on  the  quantity  of  nitrate  produced. 

The  fallow  soils  we  have  just  mentioned  were  many  of  them 
very  free  from  weeds,  and  none  were  very  foul.  In  ordinary 
practice  the  land  to  be  fallowed  is  often  so  foul  that  the  nitric 
acid  formed  during  the  first  summer  and  autumn  will  be  taken 
up  by  the  weeds  as  fast  as  it  is  produced.  When,  as  is  often  the 
case,  such  land  is  not  ploughed  till  the  following  spring,  the  loss 
of  nitrates  by  drainage  will  be  far  smaller  than  on  clean  land. 

Some  further  determinations  of  nitrates  in  uncropped  soil  will 
be  found  in  Table  IV.     The  previous  history  of  Gee&croft  Field 

Table  IV. — The  Quantity  of  Niteogen  as  Nitrates,  in  Lbs.  per 
Acre,  in  Cropped  and  Uncropped  Land,  variously  Manured. 


Little 

Huo6. 

Sept.  1877. 

Hooe  Field,  July 
18>i2. 

Geeacroft  Field,  April  1883,  nncropped  land, 
previously  B^uia. 

Barley. 

Nitrate 

and 

Superphod. 

Bokhara 
Clover. 
Mineral 
Manure. 

White 

Clover. 

Mineral 

Manure. 

No 
Manure. 

Formerly 
Mineral 
Manure. 

Formerly 
Nitrate 

and 
Minerals. 

Formerly 

F.irmyjird- 

Manure. 

1st,  9  inches 
2nd,  9  inches 
3rd,  9  inches 
4th,  9  inches 
5th,  9  inches 
6th,  9  inches 
7th,  9  inches 
8th,  9  inches 

Ibe. 
15-7 
1-1 
11 
1-4 
1-2 
1-4 
not 
sampled 

lb-. 
3-4 
1-0 
0-6 
10 
0-8 
1-7 
not 
sampled 

lbs. 
8-6 
3-0 
1-9 
31 
4-4 
5-3 
not 
sampled 

lbs. 

4-2 

5-4 

4-7 

2-7 

3-2 

2-2 

30 

3-6 

lbs. 

3-5 

6  7 

5-1 

2-6 

1-7 

1-4 

11 

1-3 

IbB. 

3-3 

6  0 

4-2 

3-9 

1-9 

2-2 

1-6 

1-7 

IbH. 
13-6 
8-7 
7-3 
8-4 
4-4 
20 
1*7 
4  0 

Above  27  ins. 
Below  27  ins. 

17-9 
40 

50 
3-5 

13-5 
12-8 

14.3 
14-7 

15-3 

8-1 

13-5 
11-2 

29-6 
20-5 

TotAl  .. 

21-9 

8-5 

26-3 

29  0 

23-4 

24-7 

50-1 

has  been  already  given  (p.  9).  The  surface  soil  of  the  plot 
formerly  manured  with  farmyard-manure  is  rich  in  nitrogen, 
and  compares  perfectly  in  this  respect  with  the  farmyard- 
manure  plots  in  Broadbalk  Wheat-field  »nd  Hoos  Barley-field* 
The  soils  of  the  other  plots  are  very  low  in  nitrogen,  and  in  a 
decidedly  impoverished  condition.  During  the  summer  of  1882, 
the  land  was  without  a  crop.  It  was  ploughed  and  harrowed  in 
February,  and  then  left  untouched  till  September,  when  it  was 
again  harrowed  and  rolled,  and  grass-seeds  sown,  whidh  failed. 
The  samples  of  soil  were  taken  on  April  9-13,  1883. 


U  Nitrogen  as  Nitric  Acid,  in  the  Soils 

Samples  of  soil  taken  at  this  time  of  the  year,  after  the  antnmn 
and  winter  rains,  seldom  contain  large  qoantitict  of  oitrales  neu 
the  surface.  Id  the  soils  of  Hoos  Barley-field,  sampled  in 
March  1882  (Table  Vlll.),  the  nitrogen  as  nitrates  smountnl 
on  the  permanently  unmanured  plot  to  15-7  lbs.  in  the  fin* 
27  inches ;  in  the  plots  receiving  only  ash-constituents,  to 
18-3-23-5  lbs.  ;  in  the  farmyard-manure  plot  to  441  lbs. ;  and 
in  that  which  had  received  farmyard-manure  for  twenty  years,  bui 
not  for  the  last  ten  years,  to  37'5lbs.  per  acre.  Compared  with 
these  quantities,  the  14'3  lbs.  found  in  the  first  27  inches  »f 
the  unmanured  land  in  Geescroft,  and  the  29'6  lbs.  in  the  plot 
formerly  receiving  farmyard- manure,  are  perhaps  what  we 
might  expect,  seeing  that  the  drainage  dnring  the  autumn  ui<i 
winter  of  1882-3  was  considerably  greater  than  that  of  the  pre- 
vious ye.ir,*  What,  however,  has  become  of  the  very  con- 
siderable quantities  of  nitric  acid  which  must  btive  been  pro- 
duced in  thcs«-  soils  during  the  last  four  years,  in  each  of  whicb 
the  land  was  without  a  crop,  and  was  frequently  ploughed? 
How  is  it  that  larger  quantities  of  nitrates  are  not  found  in  ibf 
subsoil  ? 

It  is  in  the  soil  of  the  plot  which  was  formerly  heavily  dressed 
with  farmyard -manure  that  we  should  expect  to  find  the  Ingest 
accumulation  of  nitrate.  This  plot  lies,  however,  near  to  the 
hedge  green,  and  in  taking  the  samples  of  soil,  elm-roots  were 
found  down  to  the  fifth  nine  inches  from  the  surface :  it  i» 
possible,  therefore,  that  in  this  case  the  nitrates  had  been  more 
or  less  removed  from  the  subsoil.  Omitting  this  plot  Irom  con- 
sideration, the  facts  furnished  by  the  remaining  plots  still  aetm 
to  point  to  a  disappearance  of  nitrates  in  the  subsoiL  With  the 
evidence  at  our  command  as  to  the  production  of  nitrates  in 
other  exhausted  soils  at  Rothamsted,  we  can  hardly  estimate 
the  annual  production  of  nitric  acid  in  the  soils  in  qneslioo 
as  equal  to  less  than  30  lbs.  of  nitrogen  per  acre.  XaLlng 
even  the  excessive  amounts  of  drainage  shown  during  the  lut 
few  years  by  the  drain-gauges,  the  water  percolating  down- 
wards from  such  a  soil  will  contain  an  average  of  at  least  7*5 
parts  of  nitrogen  as  nitric  acid  per  million  of  water.  The 
field  being  pipe-drained  at  a  depth  of  3—4  feet,  the  quantity 
of  water  passing  downwards  will  be  diminished,  bat  it  is  « 
question  whether  its  avrfhige  strength  can  be  redact  thereby. 
Now  the  soil  and  subsoil  of  the  unmanured  plot  in  which 
nitrates  were  determined  contained  an  average  of  600,000  lb«. 
of  water  per  acre  in  each  nine  inches  of  depth.      We  should 

•  The  drainngo  Bbown   by  tlie  6 

August  to  Febroary  1881-82,  amoUDl 

AugUKt  to  Haiclt  1BB2-^,  to  11  -  &\^  b^Vuet. 
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expect,  therefore,  on  the  abore  suppositions,  to  find  about  6*0  lbs. 
of  nitrogen  as  nitrate  in  each  depth  of  the  soil,  or  48  lbs.  in  all. 
A  glance  at  the  figures  shows  at  once  that  a  considerably  smaller 
quantity  is  actually  present  in  each  of  the  three  plots,  and  that 
the  deficiency  is  most  marked  in  the  lower  layers  of  the  subsoil. 
It  is  a  question,  therefore,  whether  the  nitrates  produced  in  the 
surface  soil  have  not  suffered  partial  reduction  in  the  lower  layers 
of  the  clay  subsoil ;  but  the  evidence  on  the  point  is  confessedly 
very  incomplete. 

2.  Nitrates  in  Land  growiry  Cereal  Crops, 

• 

In  the  previous  Report  it  was  shown  that  nitrates  are  always 
found  in  the  drainage- waters  of  Broadbalk  Wheat-field  during  the 
winter  months.  It  was  also  shown  that  a  large  proportion  of 
the  ammonium-salts  applied  as  manure  is  speedily  nitrified 
after  their  application  to  the  land.  A  good  example  of  the  latter 
fact  is  afforded  by  the  analyses  of  the  drainage-waters  of  Plot  15 
(see  Table  V.,  p.  18),  to  which  400  lbs.  of  ammoniumnEialts  per 
acre  were  applied  on  October  27. 

It  was  further  stated  in  the  previous  Report,  that  as  the 
development  of  the  wheat-crop  proceeds,  the  assimilation  of 
nitrates  by  the  growing  plant  becomes  so  active,  that  in  summer 
nitrates  are  not  found  in  the  drainage-waters  of  many  of  the 
plots  in  the  Experimental  Wheat-field.  The  plots  which  exhibit 
for  a  time  a  drainage  free  from  nitrates  are  those  which  receive 
no  nitrogenous  manure,  or  which  receive  200-400  lbs.  of  am- 
monium-salts with  all  the  ash-constituents  required  by  the 
crop.  In  a  season  very  favourable  to  early  growth,  as  1882, 
the  nitrates  may  disappear  from  the  drainage-waters  of  the  un- 
manured  plots  by  the  end  of  April ;  while  in  a  very  unfavour^ 
able  season,  as  1879,  the  disappearance  may  not  occur  till  the 
beginning  of  June.  The  nitrates  disappear  from  the  drainage 
of  Plot  6,  receiving  200  lbs.  of  ammonium-salts  with  ash-con- 
stituents, soon  after  their  disappearance  from  the  drainage  of  the 
unmanured  plots.  On  Plots  7  and  13,  with  400  lbs.  of  ammo- 
nium-salts and  the  necessary  ash-constituents,  the  disappearance 
of  the  nitrates  from  the  drainage-waters  is  later,  and  small 
quantities  may  continue  to  be  found  for  some  time. 

The  quantity  of  nitrates  which  disappears  from  the  soil  in 
early  summer  is  in  some  cases  truly  astonishing.  In  the  case  of 
the  plots  receiving  a  spring-dressing  of  ammonium-salts  it  may 
apparently  amount  to  more  than  the  quantity  of  nitrogen 
found  in  the  crop  at  harvest.  It  must  be  recollected,  how- 
ever, that  the  crop  as  harvested  does  not  represent  the  whole 
plant — ^the  roots,  stubble,  some  of  the  lower  leaves,  and  shed 
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com,  being  left  behind  in  the  soil.  We  must  also  take  into 
account  the  presence  of  weeds,  which  doubtless  actively  assimi- 
late the  nitrates  of  the  soil.  It  is  possible,  however,  that  when 
ammonium-salts  are  applied  as  a  top-dressing  in  spring  the 
whole  of  the  ammonia  does  not  rapidly  change  into  nitrates, 
either  from  actual  loss  as  ammonia,  or  from  the  presence 
of  conditions  unfavourable  to  rapid  nitrification.  It  will  be 
recollected  that  the  calculations  given  in  the  previous  Report 
(Table  LI.)  showed  a  considerttble  annual  deficiency  of  nitrogen 
where  400  lbs.  of  ammonium-salts  were  applied  in  the  spring,  bat 
none  on  Plot  15,  where  the  salts  were  ploughed-in  in  the  autumn. 

To  return  from  this  necessary  digression.  The  fact^  stated 
above  point  to  the  conclusion  that  in  the  case  of  land  growing 
cereal  crops,  no  nitrates,  or  very  small  quantities  only,  will  be 
found  in  the  first  27  inches  of  soil  by  the  end  of  June,  excepting 
in  those  cases  where  the  quantity  of  nitrates  in  the  soil  has 
been  greater  than  the  crop  has  had  power  to  appropriate. 

The  assimilation  of  nitrogen  by  a  cereal  crop  practically 
ceases  when  blossoming  is  completed  ;  from  this  point  onwaid, 
therefore,  nitrates  may  begin  again  to  accumulate  in  the  soil 
If  sufficient  rain  falls  to  keep  the  surface  moist,  we  may  expect 
nitrates  to  appear  in  the  soil  towards  the  end  of  Jnly,  or  in 
August,  and  the  soil  at  harvest  may  contain  nitrates  which  a 
month  previously  had  no  existence.  After  harvest,  if  sufficient 
rain  occurs,  and  especially  if  the  land  is  ploughed,  nitrification 
will  actively  continue.  We  may  suppose  that  generally  the 
maximum  contents  of  nitrates  will  be  reached  about  the  end  of 
September,  and  that  from  this  time  the  quantity  in  the  upper 
layers  of  the  soil  will  in  most  cases  tend  to  diminish,  production 
being  checked  by  the  fall  in  temperature,  while  the  removal  of 
nitrates  by  drainage  will  in  most  seasons  then  become  active. 

The  foregoing  sketch  of  the  course  of  change  of  the  nitrates 
in  a  soil  cropped  with  wheat  or  barley  is  founded  mainly  on  the 
evidence  furnished  by  the  analyses  of  the  drainage-waters.  We 
have  now  to  consider  the  evidence  afforded  by  the  analysis  of 
the  soils. 

In  Table  III.  (No.  10)  will  be  found  a  determination  of 
nitrates  in  the  soil  of  a  poor  wheat^stubble  ia  Hoos  Field.  The 
wheat  had  been  grown,  in  alternation  with  fallow,  for  many 
years  without  manure.  The  crop  was  cut  on  Aug.  13, 1878  ;  it 
yielded  19 j  bushels  of  dressed  com.  The  soil  was  sampled  on 
Sept.  28.  The  first  18  inches  of  soil  contained  only  2*6  lbs.  of 
nitrogen  as  nitrates.  We  have  in  the  same  Table  (No.  11)  a 
second  determination  of  nitrates  in  the  same  soil,  made  in 
March  1881.  The  wheat-stubble  of  the  previous  year  had  beoi 
left  unploughed  up  to  the  time  of  sampling.     The  nitrogen  as 
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nitrates  was  now  11*1  lbs.  per  acre  in  the  first  18  inches,  and 
14*5  lbs.  in  the  first  27  inches  of  soil. 

In  1  able  IV.  we  have  a  determination  of  nitrates  in  a  barlej- 
stubble  in  Little  Hoos  Field.  The  land  had  grown  9  crops 
of  barley  in  succession  with  artificial  manures  alone,  chiefly 
nitrate  of  sodium  and  superphosphate.  The  crop  was  cut  on 
Aug.  14^21, 1877  ;  it  amounted  to  48  bushels.  The  samples  of 
soil  were  taken  Sept.  26—29.  The  land  had  not  been  ploughed 
at  the  time  of  sampling.  The  nitrogen  in  the  form  of  nitrates , 
is  here  15*7  lbs.  per  acre  in  the  first  9  inches.  It  seems  im- 
probable that  this  nitrate  was  a  residue  of  the  2j^  cwts.  of  nitrate 
of  sodium  (44  lbs.  of  nitrogen)  applied  as  manure ;  the  greater 
part  of  it  had  more  probably  been  produced  in  the  soil  since 
Midsummer,  especially  as  the  rainfall  in  July  and  August  was 
considerable.  On  a  duplicate  plot  in  the  same  field,  in  which 
clover  had  been  sown  with  the  barley,  only  6*1  lbs.  of  nitrogen 
as  nitrates  were  found  in  the  first  9  inches  of  soil.  The  young 
clover  had  thus  evidently  continued  to  take  up  nitrates  from 
the  soil  after  the  growth  of  the  barley  had  ceased.  The  chief 
interest  of  the  experiment  centres,  however,  in  the  analyses  of 
the  subsoil,  which  in  this  case  was  sampled  to  an  unusual  depth. 
The  insignificant  amount  of  nitrate  found — only  6*3  lbs.  of 
nitrogen  per  acre  in  45  inches  of  subsoil — ^presents  a  vivid 
picture  of  the  exhaustion  of  soil-nitrates  which  may  take  place 
during  the  growth  of  a  vigorous  cereal  crop. 

We  turn  now  to  Broadbalk  Wheat^field.  A  plan  of  this 
field,  showing  the  position  of  the  plots,  and  the  system  of  drain- 
pipes, has  been  given  in  the  previous  Report.  Samples  of  soil 
were  taken  from  many  of  the  plots  in  October  1865,  and  in 
some  of  these  nitric  acid  was  determined  in  the  following  year 
by  Dr.  Pugh's  method.  The  quantity  of  nitric  acid  found 
was  large ;  but  as  the  soils  had  been  stoied  in  a  moist  condition, 
nitrification  had  probably  taken  place  after  the  collection. 

The  plots  of  Broadbalk  Field  were  again  sampled  in  October 
1881.  The  manuring  of  the  field,  the  average  produce  of  each 
plot,  and  the  produce  of  the  particular  harvest  (1881^,  after  which 
the  soil  was  sampled,  have  been  already  given  in  Table  II. 
From  the  end  of  March  to  the  end  of  July  the  weather  had 
been  decidedly  dry.  The  wheat  was  cut  on  Aug.  8-11.  Im- 
mediately after  followed  a  deluge  of  rain,  amounting  in  the 
whole  month  to  5*817  inches.  The  crop  was  not  carted  till 
Aug.  29-Sept.  1,  and  was  greatly  damaged.  In  September  the 
rainfall  was  2*171  inches.  The  land  was  scarified  in  the  be- 
ginning of  the  month,  and  ploughed  towards  the  end  of  it.  The 
samples  of  soil  were  taken  between  October  10  and  18,  the 
sampling  being  interrupted  by  heavy  rain  on  the  14th.     The 
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land  was  again  plougUeJ  and  harrowed  on  October  27-21),  anil 
wheat  drilled  on  all  the  plots. 

Before  calling  attention  to  the  quantity  of  nitrates  found  in 
the  soils  of  the  different  plots  at  the  time  of  sampling,  it  will  be 
well  to  consider  the  evidence  afforded  by  the  composition  of  thf 
drain  age- waters  collected  during'  the  same  season.  The  draim 
in  Broadbalk  Field  are  from  2  feet  to  2  feet  K  inches  below  the 
level  of  the  land  ;  whilst  the  nitrates  have  been  determined  m 
the  soil  to  approximately  the  same  depth,  namely,  27  inchei. 
The  composition  of  the  drainage- waters  will  be  found  in 
Table  V.  The  thick  black  line  shows  the  interval,  October 
10-18,  in  which  the  samples  of  soil  were  taken. 

Table  V. — Tho  Niteooes  as  NrntiTEs,  in  the  DBAiwAOB-WiTBBS  of  tk 
Plots  in  Buoadbalk  Wheat-Fiklu,  from  March  1S81  to  J&nuatr  ISSl 
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The  last  running  of  the  drains  preceding  the  harvest  of  IBSl 
occurred  on  March  7.  The  top-dressings  of  ammonium-sal !«, 
and  of  nitrate  of  sodium  (see  Table  II.),  were  applied  to  their 
respective  plots  on  March  12.  No  running  of  the  dnuQ-pip«s 
occurred  till  after  harvest,  on  Aug,  30. 

The  drain-pipes  of  Plots  Z&.4,  5,  16,  and  17,  nccirisg  im 
.i.,.g.„ou.  u^^.  .11  n«  «  ^jyjm^jjilg,,,!^ 
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very  small  amount  of  nitric  acid,  amounting  in  the  mean  to 
barely  1*0  of  nitrogen  per  million.  The  water  from  Plot  6, 
manured  in  the  spring  with  200  lbs.  of  ammonium-salts  per 
acre,  contained  at  the  same  time  1*9  of  nitrogen  per  million. 
The  waters  from  Plots  12,  13,  and  7,  receiving  400  lbs.  of  am- 
monium-salts, contained  respectively  2*3, 2*4,  and  4*1  of  nitrogen 
per  million. 

With  the  evidence  already  before  us,  it  scarcely  admits  of 
doubt  that  nitrates  must  have  practically  disappeared  from  the 
upper  layers  of  the  soil  of  the  unmanured  plots  during  the 
preceding  summer ;  also  from  the  soil  of  Plot  6 ;  and  probably, 
though  less  certainly,  from  Plots  13  and  7.  The  small  amounts 
of  nitrate  appearing  in  the  drainage-waters  from  these  plots  on 
Aug.  30,  are  therefore  in  all  probability  due  to  nitrification 
recommencing  in  the  soils  as  they  became  saturated  by  the 
heavy  rains  of  August  Nor  is  the  fact  that  the  waters  from 
Plots  6,  12,  13,  and  7,  contain  more  nitrate  than  those  of  the 
unmanured  plots,  conclusive  evidence  that  there  was  a  residue  of 
nitrate  present  through  the  summer  in  these  cases ;  for  wherever 
nitrogenous  manure  is  applied,  and  larger  crops  are  annually 
produced,  there  the  soil  is  richer  in  nitrogenous  organic  matter 
(the  residues  of  previous  crops),  and  in  consequence  yields  a 
larger  quantity  of  nitric  acid  when  nitrification  sets  in.  That 
the  nitrates  in  the  waters  of  the  plots  already  named  were  not 
derived  from  the  washing  out  of  a  residue  of  nitrates,  but  from 
fresh  nitrification,  is  further  shown  by  the  fact  that  the  pro- 
portion of  nitric  acid  rapidly  increases  with  each  running  of 
the  drains,  till  a  maximum  is  reached  on  Oct  23. 

When  we  turn  to  the  drainage  of  Plot  10,  which  had  received 
400  lbs.  of  ammonium-salts,  like  Plots  7, 11, 12, 13, 14, 15,  and  18, 
but  without  any  of  the  ash-constituents  required  for  the  crop,  a 
very  different  state  of  things  is  manifest  Here  the  crop  has 
been  unable  to  assimilate  all  the  nitrates  at  its  disposal,  and  a 
considerable  residue  has  remained  in  the  soil  throughout  the 
summer.  The  first  drainage-water  from  this  plot  is  thus  rich 
in  nitrates,  containing  20*3  of  nitrogen  per  million,  and  the 
proportion  is  found  to  have  decreased  rather  than  increased  by 
October  23. 

The  soils  of  Plot  9— on  which  nitrate  of  sodium,  half  with 
and  half  without  ash-constituents,  is  applied  ;  Plot  8— where  as 
much  as  600  lbs.  of  ammonium-salts  with  ash-coAstituents  are 
applied;  and,  to  a  less  extent.  Plot  11 — where  potash  is 
omitted  in  the  manure — are  in  a  condition  more  or  less  similar 
to  Plot  10.  In  all  these  cases  there  is  a  considerable  residue  of 
nitrate  remaining  unassimilated  by  the  crop,  which  appears  in 
the  drainage-water  on  the  first  running  of  the  drains. 
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We  now  turn  tn  the  ilc terminations  of  nitric  acid  io  the  milt 
of  the  various  plots  in  Broadbalk  Field.  We  must,  however,  al 
starting  beg  the  reader  to  remember  the  considerable  difficult* 
of  the  task  we  have  attempted.  The  mean  comjmsition  of  the 
soil  of  a  plot  352  yards  lon)^  has  to  be  calculated  from  samples 
taken  from  sis  holes  equally  distributed  in  its  length;  that  the 
mixture  prepared  from  such  samples  should  sometimes  fail  to 
represent  accurately  the  averag;e  composition  of  the  soil  ii 
surely  to  be  expected.  In  two  instances  in  Broadbatk  Field, 
and  one  in  Hoos  Field,  the  surface  soil  from  individual  bole* 
has  contained  so  high  a  proportion  of  nitric  acid  and  chlorine, 
as  to  lead  to  the  supposition  that  the  sample  had  been  takpo 
from  a  spot  contaminated  by  the  droppings  of  horses  when 
ploughing ;  or  where  possibly  a  bag  of  manure  had  been  set 
down  and  emptied  during  sowing.  In  these  cases  the  result* 
given  have  been  obtained  from  a  mixture  of  five  holes,  or,  in 
the  case  of  Hoos  Field,  of  three  holes  only.  There  is  also 
always  some  difficulty  in  preserving  a  large  number  of  soil- 
samples,  in  this  case  160,  entirely  free  from  accidental  contami- 
nation before  they  are  put  into  bottles ;  and  io  one  instance, 
that  of  the  third  depth  of  the  unmanured  Plot  16,  it  has  been 
necessary  to  exclude  the  results  of  the  analysis  from  the  table,  the 
nitric  acid  found  being  far  larger  than  seemed  possibly  consistent 
with  the  truth.  A  small  amount  of  error  will,  indeed,  distinctly 
affect  the  result;  the  addition  of  one  grain  of  nitric  nitrogen 
to  1144  lbs.  of  soil  would,  in  fact,  make  a  difference  of  1  lb.  per 
acre  in  the  quantity  calculated  for  a  depth  of  27  inches.  It  ii 
clear,  therefore,  that  it  will  be  unsafe  to  found  conclusions  an 
small  differences  between  different  plots  ;  we  mast  rather  aim  to 
seize  the  main  features  of  the  results. 

In  calculating  the  results  of  the  analyses  into  poands  per 
acre,  it  has  been  assumed  that  the  weight  of  soil  per  acre  in 
the  first  9  inches  is  2,552,203  lbs.;  in  the  second  9  inches, 
2,706,573  lbs. ;  and  in  the  third  9  inches,  2,750,601  lbs.,  these 
weights  being  the  mean  of  all  the  samples  taken  oo  the 
present  occasion,  excluding  otdy  the  surface  soil  of  Plot  if.  The 
analysis  of  this  soil  (receiving  farmyard-manure)  is  reckoned  on 
2,456,509  lbs.,  the  weight  calculated  from  its  own  samples. 

It  is  of  interest  to  note,  that  even  among  the  artificially 
manured  plots  there  is  an  obvious  tendency  to  give  lownr  weights 
of  surface  soil  the  heavier  the  crops,  that  is,  the  greater  the  niut 
development,  and  the  amount  of  crop-residue.  Hence  ihr 
calculation  of  the  analyses  relating  to  the  soils  of  such  plots  on 
the  rather  higher  average  weights,  will  so  far  girc  r«-sults  some- 
what in  excess  ;  whilst  those  relating  to  the  poorer  ploM  wiU  be 
proportionally  _^^^^^^^^^^^^^^^^^^^^^^^H 
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In  Table  VI.  will  be  found  the  quantities  of  nitrogen  as  nitric 
acid  existing  in  the  first,  second,  and  third  9  inches  of  soil  in 
the  various  plots  of  Broadbalk  Field,  when  sampled  on  October 
10-18,   1881.     In  the   same   Table   are   given   the  estimated 

Quantities  of  nitrogen  as  nitrates  removed  from  each  plot  in  the 
rainage-water   after  the  first   starting  of  the  drain-pipes  on 
August  30.     The  estimates  are  calculated  from  the  composition 

Table  YI. — ^Nitbogen  as  Nitbatbs  in  the  Soil  and  Subsoil,  and  in  the 
Dbainaoe-Wateb,  of  various  Plots  in  Bboadbalk  Wheat-Field,  in  lbs. 
per  AoBE. 
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age, August  30— Janoaxy  31. 
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*  The  mannrefl  on  Plots  17  and  18  alternate.    This  year  Plot  17  had  received  only 
Mixed  Mineral  Manure,  and  Plot  18,  400  Ibis,  of  Ammonium-saltB. 

of  the  water  issuing  from  the  drain-pipes  (Table  V.),  the 
quantity  of  the  drainage  being  assumed  as  equal  to  that  shown 
by  the  60-inch  soil  drain-gauge.  The  amount  removed  in 
drainage  before  the  samples  of  soil  were  taken  is  given  separately 
in  Table  Vl. ;  and  in  the  right-hand  column  this  amount  is 
added  to  that  found  in  the  soil,  thus  showing,  as  far  as  in  our 
power,  the  amount  of  nitrogen  as  nitric  acid  which  would  have 
been  present  in  the  soil  if  no  drainage  had  occurred.  In  the 
case  of  several  of  the  plots  no  drainage  before  soil-sampling 
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is  PBCorded,  the  pipes,  in  fact,  diil  not  run.  In  all  these  aaet 
loss  of  nitrates  by  drainage  and  difTusion  doubtless  took  pUc*, 
though  we  have  no  means  of  estimating;  the  quaatitj-  actoallj 
passing  below  the  first  27  inches  of  soil.  Evidence  that  thr 
amount  passing  into  the  subsoil  by  drainage  and  diffusion  may 
in  some  cases  considerably  exceed  that  estimated  from  the  com- 
position of  the  pipe-drainage,  is  afforded  by  results  obtained 
relating  to  the  amount  of  the  chlorides  present  in  the  soil. 

As  a  very  considerable  amount  of  drainage  took  place  m 
Broadbalk  Field  after  the  samples  of  soil  were  taken,  it  is 
obviously  of  interest  to  compare  the  results  of  (he  analyses  of 
the  soils  with  those  of  the  subsequent  drain  age- waters.  If  the 
drain  age- waters  fairly  represent  the  condition  of  the  first 
27  inches  of  soil  on  the  different  ploU,  the  quantities  of  nitiatr 
found  in  the  waters  should  show  a  similar  relation  between 
themselves,  as  exists  between  the  nitrates  found  in  the  soils  of 
the  corresponding  plots.  This  comparison  of  the  results  of  the 
toil-analysis  with  the  composition  of  the  subsequent  drajnsge 
from  the  same  plot,  indeed  brings  to  view  some  facts  which 
would  otherwise  escape  attention. 

Turning  now  to  the  details  of  the  soil -analyses,  we  obserrr, 
first,  that  the  nitrates  are  most  abundant  in  the  first  9  inches  of 
depth  ;  the  mean  proportion  at  the  three  depths  (excluding: 
Plot  9b)  is,  in  fact,  as  100,  59,  and  31.  The  nitrates  have, 
in  fact,  mainly  been  produced  near  the  surface,  in  most  cases 
quite  recently,  and  are  now  gradually  passing  downwards.  The 
case  is  quite  different,  however,  on  Plot  9b,  where  more  nitrate 
of  sodium  has  been  applied  than  the  crop  could  maJte  use  of; 
here  the  nitrates  are  present  in  largest  quantity  in  the  secood 
and  third  depths,  and  a  part  has  probably  passed  to  a  still 
lower  level,  A  large  portion  of  this  nitrate  has  existed  in  iho 
soil  ever  since  the  application  of  the  manure  in  March,  aniil 
has  since  then,  and  especially  since  the  removal  of  the  crop, 
been  moving  slowly  downwards  by  diffusion  and  drainage  a 
From  a  similar  cause,  the  quantity  of  nitrate  in  the  lowest  depth 
of  Plots  8a,  9a,  and  10a  is  also  above  the  average. 

Passing  next  to  the  quantity  of  nitrate  found  in  the  rarious 
plots,  we  observe  that  the  unmanured  soils  of  PloU  3,  4,  and  16a, 
yield  the  lowest  amounts,  namely  178  lbs.,  ISO  lbs.,  and  Itit 
lbs.  of  nitrogen  as  nitrates  per  acre.  Plot  5a,  continuously 
manured  with  aflh-constituents,  yields  243  lbs. ;  this  amoant. 
however,  bears  a  higher  relation  to  that  contained  in  the 
subsequent  drainage  than  is  shown  by  the  adjoining  PIoW  3,  ■*, 
DA,  and  7a.  Plot  17a,  also  receiving  ash -constituents  alone 
during  the  year  in  question,  yields  21'2  lbs.  per  acre.  Of  the 
effect  of  the  vatioMa  as\i-«m»\\VQeTv\a  \tv  nromntina-  nltrifit^tiDn' 
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in  the  soil,  or  on  the  migration  of  soluble  matters,  we  have  at 
present  no  certain  information. 

When  we  turn  to  Plots  6a,  7a,  and  8a,  receiving  respectively 
200  lbs.,  400  lbs.,  and  600  lbs.  of  ammonium-salts,  with  all  the 
necessary  ash-constituents,  we  find  28*7  lbs.,  39*8  lbs.,  and  42*8 
lbs.  of  nitrogen  as  nitrates  per  acre,  the  quantities  increasing 
with  each  addition  to  the  manure.  The  quantity  of  nitrate  in 
the  soil  of  Plot  8a  bears  a  low  relation  to  that  found  in 
Plots  6a  and  7a.  In  the  case  of  Plot  8a  we  are  unable  to  form 
an  estimate  of  the  quantity  of  nitrate  lost  by  drainage  before 
the  sampling  of  the  soil,  as  the  drain-pipe  did  not  run  till 
afterwards;  the  quantity  lost  by  drainage  and  diffusion  may 
well,  however,  have  been  greater  than  on  Plot  7.  The  nitrate 
in  the  soil  of  Plot  8a  is  also  very  low  in  relation  to  that  found 
in  the  subsequent  drainage  from  the  plot.  If  the  proportion 
between  the  nitrate  in  the  soil  and  that  removed  in  the 
subsequent  drainage  were  the  same  as  on  Plots  6a,  7a,  and  9ab, 
the  soil  of  Plot  8 A  would  contain  about  56  lbs.  of  nitrogen  as 
nitrates.  It  seems  possible  that  in  this  case  an  unusually  large 
amount  of  nitrogen  may  have  nitrified  on  the  plot  after  the 
samples  of  soil  were  taken  ;  nitrates  might  thus  appear  in  the 
drainage  which  did  not  exist  in  the  soil  at  the  date  of  sampling. 

In  the  soil  of  Plot  9a,  where  nitrate  of  sodium  equivalent  to 
400  lbs.  of  ammonium-salts  is  applied,  with  ash-constituents,  the 
nitrogen  as  nitric  acid  is  3 7 '9  lbs.,  a  quantity  very  similar  to 
that  found  in  Plot  7a,  receiving  the  corresponding  amount  of 
ammonium-salts,  and  the  same  ash-cohstituents.  On  Plot  9b, 
where  the  same  quantity  of  nitrate  of  sodium  is  applied,  but 
without  ash-constituents,  the  nitrogen  existing  as  nitrates  rises 
to  54*1  lbs.,  a  large  residue  of  nitrate  unused  by  the  crop 
clearlv  remaining  in  the  first  27  inches  of  soil. 

On  Plots  10a  and  10b,  receiving  400  lbs.  of  ammonium-salts, 
without  ash-constituents,  there  is  deficient  produce,  and  there  will 
be  a  proportionally  large  amount  of  nitrate  annually  derived 
from  the  manure  unused  by  the  crop.  The  quantities  found  in 
the  soil  to  the  depth  of  27  inches  are  nevertheless  not  relatively 
large — namely  33*4  lbs.  and  28*3  lbs.  of  nitrogen  as  nitrates. 
The  smaller  amount  is  found  in  the  soil  of  Plot  10b,  where, 
owing  to  a  residue  of  long  previously  applied  ash-constituents, 
the  crop  is  always  rather  better,  and  would  therefore  leave  rather 
more  crop-residue.  In  these  facts  there  would  seem  to  be 
evidence  that  the  whole  of  the  soil-nitrates  found  was  not  due 
to  crop-residue,  but  partly  to  manure-residue  also.  That  the 
amount  remaining  within  the  range  of  the  soil-sampling  was  not 
larger  on  either  plot,  is  consistent  with  the  fact  that  there  is  a 
gpreater  loss  by  drainage  from  these  than  from  any  of  the  other 
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plots  receiving  the  same  amount  of  ammonlatn-salu,  as  shown  br 
the  estimates  for  two  years,  as  given  in  our  former  Report,  and 
by  the  composition  of  the  drainage  previous  to  the  soil-sampling, 
as  given  in  Tabic  Vl.  of  the  present  Report ;  and  it  is  to  be  sup- 
posed that  more  has  also  passed  below  the  drain-pipes,  and  tbc 
range  of  the  soil-samples. 

Plots  11,  12,  13,  14,  and  7,  all  receive  400  lbs.  of  ammoniDm- 
salts,  and  all  the  same  amount  of  superphosphate,  with  tlip 
addition  of  sodium-salt  lo  Plot  12,  potassium-salt  to  Plot  \'i. 
magnesium -salt  to  Plot  14,  and  sodium-  potassium-  and  ms^- 
nesium-salt  to  Plot  7.  Thus  tbe  conditions  of  the  several  plnU 
as  to  soluble  matters  within  the  soil  are  very  dlJiereat.  On 
Plot  11,  with  superphosphate,  there  is  more  produce  than  ou 
Plot  10  without  it,  and  therefore  more  crop-residue;  but  still 
there  will  be  an  excess  of  nitrates  directly  derived  from  ibo 
ammonium-salts,  compared  with  the  amount  on  either  Plots  1 J, 
13,  14,  or  7,  where  there  is  considerably  more  growth.     Tbo 

Quantity  of  nitrogen  as  nitrate  found  in  the  soil  of  Plot  11  to  llie 
epth  of  27  inches  is,  however,  only  30'8  lbs.,  or  about  the  same 
amount  as  on  Plots  10,  12,  and  14.  But  both  the  previous  and 
the  recent  records  show  a  greater  loss  in  the  collected  drainage 
of  Plot  11  than  of  the  other  plots  of  the  series  under  considera- 
tion, and  there  will  doubtless  be  on  the  average  more  loss  below 
the  level  of  the  drains,  and  of  the  range  of  the  soil- sampling. 
Plots  7  and  13,  both  receiving  potash,  yield  the  heaviest  cm|is 
of  the  series.  If  therefore  the  nitrates  found  to  tbe  depth  uf 
27  inches  depended  wholly  upon  the  amount  of  crop<residue,  we 
should  expect  to  find  the  largest  amount  in  the  soil  of  both 
these  plots.  The  fact  is,  however,  that  the  smallest  amount 
within  this  series  (24-6  lbs.)  is  found  in  the  soil  of  Plot  13,  wilh 
potassium,  but  without  sodium-  and  magnesium -salts,  and  ihe 
largest  amount  (39'81bB.)  in  that  of  Plot  7,  with  sodium  and 
magnesium,  as  well  as  potassium -salt  applied.  Even  assuming 
there  may  be  some  error  in  the  actual  figures  (and  by  runi- 
parison  it  would  be  judged  that  those  for  Plot  13  may  be  too 
low),  the  direction  of  the  difference  is  in  arcordance  wilh 
the  estimates  of  average  loss  bv  pipe-drainage.  Plot  13  showing 
more  loss  than  Plot  7;  whilst  on  the  other  hand,  with  tbe 
much  higher  amount  of  nitrates  found  in  the  soil  of  Plot  7  at 
the  time  of  sampling,  its  immediately  succeeding  drainage  is 
stronger.  Tbe  conclusion  is,  that  there  is  upon  the  whole  a 
greater  tendency  to  passage  downwards  by  drainage,  and  less  to 
retention  within  the  first  27  inches  of  soil  on  Plot  13  than  on 
Plot  7.  Whether  this  be  due  to  more  free  movement  down- 
wards, with  the  different  conditions  within  the  soil  dependent  i 
on  tbe  dificTcnt  eujiply  of  saline  matters,  we  have  ant  tt|i 
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of  deciding.  Plot  7  should,  it  is  true,  have  a  somewhat  greater 
accumulation  of  crop-residue,  and  should  therefore  yield  rather 
more  nitrates  from  that  source.  But  only  a  small  proportion 
of  the  excess  of  nitrogen  as  nitrates,  which  the  figures  as  thej 
stand  show  in  the  soil  of  Plot  7  to  the  depth  of  27  inches,  could 
be  so  accounted  for.  It  is  very  probable,  indeed,  that  a  portion 
of  the  excess  of  nitrates  found  in  the  soil  of  Plot  7  is  due  to 
less  free  passage  downwards,  from  whatever  cause. 

In  addition  to  the  various  conditions  above  alluded  to  affecting 
the  amount  of  nitrates  produced,  and  their  tendency  to  remain 
at  higher,  or  to  pass  to  lower  levels  in  the  soil,  the  very  different 
condition  as  to  moisture  of  the  different  plots  after  harvest  must 
DOt  be  overlooked.  Thus,  it  is  estimated  that  more  water,  equal 
in  amount  to  some  inches  of  rain,  has  been  evaporated  from  the 
soils  yielding  the  heavier  than  from  those  yielding  the  lighter 
crops.  This  implies,  of  course,  that  much  less  subsequent  rain 
will  be  required  to  bring  the  soil  to  an  equal  degree  of  saturation, 
and  so  far  as  it  is  dependent  on  this,  to  cause  an  equal  passage 
downwards,  in  the  case  of  soils  giving  the  poorer  than  of  those 
giving  the  heavier  crops.  Then  there  is  also  the  possibility  of 
a  different  mechanical  condition  of  the  soils  of  different  plots. 

On  Plot  19,  manured  during  the  three  preceding  seasons  with 
rape-cake  alone,  wc  find  34*2  lbs.  of  nitrogen  as  nitrates,  a 
quantity  considerably  larger  than  that  contained  in  the  adjoining 
plots  manured  with  ammonium-salts.  As  the  rape-cake  only 
slowly  decomposes  in  the  soil,  a  part  of  the  nitrates  found  will 
in  this  case  be  due  to  the  nitrification  of  a  residue  of  the 
manure.  A  still  more  striking  example  of  the  production  of 
nitrates  from  organic  manures  is  afforded  by  Plot  2,  which 
receives  annually  fourteen  tons  of  farmyard-manure :  here  the 
quantity  of  nitrate  in  the  soil  amounts  to  52*4  lbs.  of  nitrogen 
per  acre,  exceeding,  in  fact,  every  plot  excepting  that  manured 
with  an  excess  of  nitrate  of  sodium. 

The  origin  of  the  very  considerable  quantities  of  nitrates 
found  in  the  soils  of  Broadbalk  Field  will  require  but  little 
explanation  after  what  has  been  already  stated.  The  nitrates 
found  in  these  soils  in  October  have  been  produced  by  the 
nitrification  of  the  original  nitrogenous  humic  matters  of  the 
soil  ;  or  from  the  decay  of  crop-residues  (roots,  leaves,  and 
stubble) ;  or  from  the  nitrification  of  organic  nitrogenous 
manures,  as  rape-cake  or  farmyard-manure ;  or,  possibly  from 
the  oxidation  of  residues  of  ammoniacal  manure  not  previously 
nitrified  ;  or  they  consist  in  part  of  residues  of  nitrates  which 
have  remained  in  the  soil  through  the  summer.  Of  the  quantity 
of  nitrates  produced  solely  from  the  oxidation  of  nitrogenous 
humic  matters,  including  crop-residue,  we  have  examples  in  the 
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cafe  of  Plots  3  &  4,  16a,  5a,  I?A,  aiul  probablj  of  several  othert. 
Whether  any  of  the  nitrate  on  such  plots  as  7\  and  9a,  wm 
due  to  a  residue  of  nitrate  left  unused  by  the  crop,  must  remain 
doubtful,  but  the  amount  of  such  residues  can  hardly  be  \cTy 
large.  Plot  9b  affords  a  capital  esample  of  a  large  residue  of 
nitrate  left  unappropriated  by  the  crop.  In  Plots  i  and  lit  wr 
have  examples  of  the  iutluence  of  farmyard-manure  aad  rape- 
cake  in  increasing  the  amount  of  nitrates  produced  in  thi^ 
soil.  The  amount  of  nitrification  observed  was  probably  in  all 
cases  considerably  above  the  average,  being  lai^ely  due  to  the 
early  saturation  of  tlie  soil  by  the  heavy  rains  of  August. 

As  the  nitrogenous  organic  matter  in  the  soil  was  clearly  tbe 
principal  source  of  the  nitric  acid  it  contained,  and  as  thit 
nitrogenous  organic  matter  is  largely  derived  from  the  residues 
of  previous  vegetation,  it  will  be  of  interest  to  compare  llw 
amount  of  nitric  acid  found  in  certain  typical  plots  with  the 
amount  of  nitrogen  found  by  analysis  in  the  first  9  inches  of 
soil,  and  with  the  average  amount  of  produce  which  the  soil  of 
each  plot  has  yielded.  This  comparison  will  be  found  in 
Table  Vll.    The  nitrogen  contained  in  the  surface  soil  of  each 

Tablk  VII. — NrrnoQEN  ae  NiTiUTEs  in  Broadbalk  Soil,  October 
1881,  for  1000  of  Sou,  Nitkogen,  and  of  Avxbaob  Pkodcob. 
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7-3          7-8 
7-0          7-8 
6-S          87 
6-5           6-1 

plot  was  ascertained  from  the  analysis  of  the  same  snmples  in 
which  nitric  acid  was  determined.  The  produce  include*  com 
and  straw.  The  nitrogen  as  nitric  acid  is  that  present  in 
27  inches  from  tlie  surface. 

In  the  above  Table  we  really  compare  the  quantity  of  nitric 
acid  produced  during  two  months  in  the  field  (plus  rosidncft  of 
nitrates  in  certain  cases),  with  the  total  nitrogea  contained  in 
the  surface  soi\,  anAvt\\.\v  t.\)e  «.vi\<tunt  of  previous  produce  oo  the 
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same  plot.  The  figures  would  be  more  exact  if  we  knew  in 
every  case  the  quantity  of  nitric  acid  lost  by  drainage  before 
the  samples  of  soil  were  taken  for  analysis,  as  this  quantity  of 
nitric  acid  has  clearly  to  be  credited  to  the  soil  or  manure  of 
the  plots  in  question.  We  are,  however,  only  able  to  make 
this  correction  in  the  case  of  three;  of  the  plots  mentioned  in 
the  Table.  It  will  be  more  convenient,  therefore,  to  confine 
ourselves  to  the  figures  deduced  from  the  actual  determinations 
of  nitric  acid  in  the  soils.* 

On  the  permanently  unmanured  Plots  3&4,  1000  of  total 
soil  nitrogen  has  yielded  6*7  of  nitric  nitrogen;  and  on  the 
unmanured  Plot  16a  it  has  yielded  6*6.  On  the  very  moderately 
manured  Plot  6a,  yielding  nearly  twice  the  produce  of  the  un- 
manured land,  the  product  in  the  same  time  has  been  10*2  of 
nitric  nitrogen  per  1000  of  soil  nitrogen.  This  increased  capa- 
city for  producing  nitrates  is  shown  by  every  plot  in  the  field 
yielding  an  increase  of  produce,  the  lowest  proportions  being 
81  per  1000  in  the  case  of  Plot  13a,  and  7-6  per  1000  in  the 
case  of  Plot  17a.  Plot  5a,  manured  with  ash-constituents 
alone,  shows  9*7  per  1000  ;  the  amount  of  nitric  acid  found  in 
this  soil,  judged  by  the  evidence  of  the  drainage-water,  seems  to 
be  rather  high.  We  have,  further,  an  indication  that  with  a 
rise  in  productiveness  over  that  shown  by  Plot  6a  we  have  a 
further  rise  in  the  facility  with  which  soil  nitrogen  is  oxidised  ; 
the  product  of  1000  of  soil  nitrogen  on  Plots  2,  7a,  and  9a 
being  11-4,  12-9,  and  12-4.  The  high  figure  shown  by  Plot  8a, 
and  the  still  higher  figure  shown  by  9b,  are  of  course  due  to  a 
larger  residue  of  nitrates  in  the  soil. 

The  fact  indicated  by  the  above  calculations  is  one  of  great 
practical  importance.  Soil  contains  nitrogenous  matters  which 
nitrify  with  different  degrees  of  facility.  The  bulk  of  the 
nitrogenous  matter  of  soil  is  only  capable  of  very  slow  oxida- 
tion, but  a  smaller  proportion  is  far  more  readily  converted 
into  nitric  acid.  In  thoroughly  exhausted  land  the  easily 
nitrifiable  matter  has  to  a  large  extent  disappeared ;  in  soil 
in  good  agricultural  condition  it  is  being  continually  renewed 
by  iresh  crop-residues,  or  by  the  application  of  organic  manures. 
This  easily  nitrifiable  matter  constitutes  a  chief  part  of  the 
floating  capital  of  the  soil,  on  which  its  immediate  productive- 
ness depends.  The  larger  quantity  of  more  inert  nitrogenous 
matter  constitutes  the  sunk  capital  which  only  very  slowly 
becomes  available. 

*  In  the  oase  of  Plots  S&4,  6a,  and  7a,  the  corrected  proportion  of  total 
•oil  nitrogen  to  nitric  nitrogen  wiU  be  1000  to  7-8,  10*7  and  14-0;  and  the 
corrected  proportion  of  proauoe  (aventge  of  80  yean)  to  nitric  nitrogen,  1000 
to  8-1,  7-6  and  7*5. 
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The  facts  shown  by  the  other  f»>Iuinns  of  Table  VII.  are 
nearly  related  to  those  just  mentioned.  VVhen  we  see  that  the 
average  of  30  years'  produce  of  corn  and  straw  on  the  on- 
manured  plots  stands  to  the  amount  of  nitrogen  oxidised  t» 
nitrio  acid  in  the  soil  as  1000  :  7-6  ;  that  on  Plot  6a,  with  nearlr 
double  the  produce,  it  stands  as  1000  :  7-3  ;  and  on  Plot  7a, 
with  more  than  two  and  a  half  times  the  produce,  as  1000  :  7-0, 
it  is  surely  evident  that  the  capacity  for  producing  nitrates  rises 
side  by  side  with  the  increase  of  crop;  that,  in  fact,  the  crop- 
residue  annually  left  in  the  soil  constitutes  in  most  cases  the 
chief  material  out  of  which  nitrates  are  produced. •  Recent  crop- 
residues  are  not,  however,  in  any  case  the  sole  source  of  soil 
nitrates ;  if  this  were  so.  It  is  clear  that  the  figures  g-iven  in  the 
Table  would  be  in  all  cases  identical,  while  in  fact  the  pro- 
portion of  nitric  acid  produced  per  1000  of  crop  decreases  some- 
what with  each  additional  increment  of  crop.  This  is,  howpTpr, 
what  must  naturally  be  expected.  The  nitric  acid  which  \% 
produced  is  derived  partly  from  the  old  nitrogenous  capital  <'f 
the  soil,  and  partly  from  comparatively  recent  crop-residues ;  in 
tbe  case  of  the  unmanurcd  plots  the  old  nitrogcnoos  capital  n( 
the  soil  has  the  greatest  proportional  influence,  while  on  the 
plots  of  heaviest  produce  (!)A  and  8a)  it  has  least  influeac? 
on  the  result.  On  Plots  2  and  9b  we  need  hanlly  remark  that 
the  manure  furnishes  a  considerable  source  of  nitrate  over  and 
above  the  crop-residue. 

Hefore  leaving  the  results  furnished  by  Broadbalk  Field,  we 
must  lunk  for  a  moment  at  the  gener.il  relation  of  the  nitrate  con- 
tained in  the  subsequent  drainage  to  that  shown  by  analysis  u 
existing  in  the  soil.  Taking  an  average  of  all  the  plots  in  which 
the  composition  of  the  subsequent  drainage  admits  of  estimation, 
we  find  that  for  100  lbs.  of  nitrate  cKisting  in  tbe  soil  in  Octo- 
ber, 60'i!  lbs.  have  been  removed  in  the  course  of  3^  months' 
drainage  (8  "2  inches),  or  have  passed  below  tbe  level  of  the 
drain-pipes.  The  amounts  of  nitrates  passing  into  the  subsoil 
will  really  be  in  excess  of  these  estimates,  but  they  are  tbe  only 
figures  at  command. 

We  may  now  pass  to  the  determinations  of  nitric  acid  made 
in  the  soil  of  various  plots  in  the  Experimental  Barle*-6eld. 

The  manuring  of  the  plots  with  which  we  arc  at  present 
concerned,  and  their  average  produce  during  30  yiax%,  Ib52-S)l, 
have  been  already  given  in  Table  I.  (p.  7).  The  crop  of  IftSl 
was  cut  on  August  5  and  H,  and  carried  on  August  18.  TtMiluitl 
was  then  scarified,  and  afterwards  ploughed  in  the  begtDliing 
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of  October.  Towards  the  end  of  February  1882  the  land 
was  harrowed  and  rolled.  The  samples  of  soil  were  taken 
between  February  24  and  March  7.  The  quantity  of  nitrog^en 
as  nitric  acid  found  in  the  soils  and  subsoils  of  the  various 
plots  will  be  found  in  Table  VIII. 

Table  YIII. — Nitrogen  as  Nitrates  in  the  Soil  and  Subsoil  of 
▼ariooB  Plots  in  Hoos  Barley  Field,  March  1882. 


Makusixo. 

Nitrogen  as  Nitraten  in  lbs.  per  acre. 

Plot. 

Firvt 

Nine 

Inches. 

Secrnd 

Nine 

Inches. 

ThlM 

Nine 

Inches. 

Total 
Twenty- 
seven 
Inches. 

la 
2  a 
8  a 
4  a 

Unmanured 

Superphosphate 

Sulphates  of  Alkalies 

Mixed  Mineral  Manure 

lbs. 

5-9 

6-4 

61 

7-5 

lbs. 

4-7 

5-7 

5-7 

9-7 

lb*. 
51 
6-3 
6-5 

[6-3] 

lbs. 
15-7 
18-4 
18-3 
23-5 

Mean  of  Series     ..     .. 

6-5 

6-5 

6-1 

190 

lA. 

2a. 
8a. 
4  a. 

200  lbs.  Ammonium-salts  .. 
Ditto,  with  Superphosphate 
Ditto,  with  Sulphates  of  Alkalies 
Ditto,  with  mixed  Min.  Manure 

61 
7-4 
7-5 
8-1 

8*8 

11-5 

6-2 

5-8 

7-0 
8-2 
5-6 
8-9 

21-4 
27-1 
19-3 
22-8 

Mean  of  Series     .. 

7-3 

80          7-4 

22-7 

Iaa. 
2aa. 
8aa. 
4aa. 

275  lbs.  Nitrate  of  Sodium . .      . . 
Ditto,  with  Superphosphate 
Ditto,  with  Sulphates  of  Alkalies 
Ditto,  with  mixed  Min.  Manure 

9-7 
7-8 
7-8 
9-4 

6-8 

10-4 

6-2 

5-7 

90 
8-3 
81 
6-2 

25-5 
26-5 
221 
21-3 

Mean  of  Series     ..     .. 

8-7 

7-3 

7-9 

23*9 

la 
2  a 
3a 
4  a 

1000  lbs.  Kape  Cake 

Ditto,  with  Superphosphate 
Ditto,  with  Sulphates  of  Alkalies 
Ditto,  with  mixed  Min.  Munure 

10-6 
7-5 

10-6 
8-2 

13-7 
131 
11-2 
11-5 

7-9 

7  8 
9-5 
8-7 

32-2 

28-4 
31-3 

28-4 

Mean  of  Series     .. 

9*2 

12-4 

8-5 

301 

7» 

Unmanured,  1872-81  (Farmyard-! 

manure,  1852-71) 

14  tons  Farmyard-manure 

14*8 
18-6 

11-8 
14-6 

10-9 
10-9 

37-5 
441 

The  experimental  difficulties  referred  to  in  the  case  of  Broad- 
balk  Field  have  proved  equally  great  in  the  investigation  now 
before  us ;  we  must  be  content,  therefore,  to  seize  the  general 
features  of  the  results,  without  expecting  perfect  accuracy  in 
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every  detail.  The  result  of  the  analysis  of  the  third  depth 
of  Plot  4o  (Table  Vltl.)  has  been  rejected  as  plainly  eiceMire, 
and  the  figure  found  for  Plot  2o  substituted. 

In  calculating  the  results  of  the  analyses  into  pounds  per  acrp, 
the  weight  of  fine  soil  in  the  first  9  inches  of  the  plots  of  the 
O,  A,  and  AA  series,  has  been  taken  as  2,527,879  lbs.,  this 
being  the  mean  weight  EictQally  found  in  the  o.  A,  AA,  and 
AAS  series.  The  first  9  inches  of  soil  of  tbe  plots  of  the  C 
series  (rape-cnke)  have  been  taken  as  2,361,461  lbs.,  the  mean 
weight  in  this  series.  For  the  first  9  inches  of  Plots  7'  and  7' 
(rt'ceiving  farmyard -manure)  their  own  weights  have  been  taken. 
In  the  case  of  all  the  subsoils,  2,593,853  lbs.  have  been  taken 
as  tbe  weight  of  fine  soil  in  tbe  second  depth,  and  2,661,134  Ibt. 
as  the  weight  in  the  third  depth,  these  being  the  mean  weights 
of  all  the  scries  above  mentioned. 

In  considering  the  results  of  the  analysis  of  the  soils  in  Hoot 
Field,  we  must  bear  in  mind  the  time  of  year  at  which  [h« 
samples  were  taken.  VVe  have  not  to  do,  as  ia  Broadbalk, 
chiefly  with  a  recent  production  of  nitrates,  formed  in  the  soil  at 
the  end  of  summer  and  early  autumn,  but  with  the  nitrates  left 
in  the  soil  after  the  washing  of  the  autumn  and  winter  rains. 
The  total  amount  of  drainage  passing  through  the  60  inch  draiu> 
gauge  during  the  seven  months  from  August  to  February  wu, 
in  fact,  12'5  inches.  Of  the  (quantity  of  nitrates  which  hu 
passed  into  the  subsoil  by  drainage  during  this  period,  we  grt 
some  idea  from  the  results  already  given  relating  to  Broadbalk 
Field  (Tables  V.  and  VI.).  It  naturally  results  from  the 
washing  out  to  which  the  soils  have  been  subjected,  thai  the 
nitrates  are  found  more  evenly  distributed  than  was  the  case 
in  the  Broadbalk  samples.  In  Broadbalk  Field,  omitting  Plot  dD. 
the  nitrates  were  distributed  throughout  the  first,  second,  and 
third  y  inches  of  soil  in  the  proportion  of  100,  59,  and  31.  in 
Hoos  Field  the  nitrates  are  distributed  through  the  same  three 
depths  in  the  proportion  of  100,  102,  and  88. 

There  are  only  four  plots  in  Hoos  Field  (Plots  lo,  4o,  4a, 
and  T^)  where  the  manuring  has  been  identical  with  plots  in 
Broadbalk  (Plots  SSci,  5a,  6a,  2);  in  each  of  these  cases  the  | 
nitrates  found  in  Hoos  Field  are  distinctly  below  those  found 
in  Broadbalk  ;  a  result  partly  due  to  tbe  wasbing  of  the  Hooi 
soils  by  the  autumn  and  winter  rains,  but  also  p^rtlj  to  the 
smaller  residue  left  in  tbe  soil  by  a  barley-crop. 

The    four    plots  in  tbe    O    series,    which    have    rec«ived   do 
nitrogenous  manure  for  30  years,  give  a  mean  of  190  lbs.  of  j 
nitrogen  as  oltratcs    in    27   inches  of  soil.     Tbe  entirely  iw   j 
manured  plot  gives  15'?  lbs.  I 

The   four   plots  in  tbe  A  series,  receiving  respectively  tbe  ] 
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same  ash-constitaents  as  the  four  in  the  o  series,  but  with 
200  lbs.  of  ammonium-salts  in  addition,  give  a  mean  of  22*7  lbs. 
of  nitrogen  as  nitrates  in  27  inches. 

The  four  plots  in  the  AA  series,  also  receiving  the  same 
ash-constituents  as  above,  but  with  275  lbs.  of  nitrate  of 
sodium,  give  a  mean  of  23*9  lbs.  of  nitrogen  as  nitrates  in  27 
inches. 

The  four  plots  in  the  O  series,  with  the  same  ash-constituents, 
and  1000  lbs.  of  rape-cake,  give  a  mean  of  30*1  lbs.  of  nitrogen 
as  nitric  acid  to  the  same  depth. 

There  can  be  no  question  that  the  nitrates  found  in  the  soils  of 
the  o  series  have  been  produced  bj  the  oxidation  of  the  nitro- 
genous organic  matter  of  the  soil.  In  the  A  and  AA  series 
there  can  be  little  doubt  that  a  large  portion  of  the  nitrates  has 
a  similar  origin  ;  Plots  1  and  3  in  these  series  are  the  only  ones 
in  which  it  seems  probable  that  any  residue  of  nitrates  derived 
from  the  manure  can  have  remained  in  the  soil  through  the 
summer.  In  the  plots  of  the  0  series,  on  the  other  hand,  a  part 
of  the  nitric  acid  is  apparently  due  to  the  rape-cake  applied 
as  manure,  which  only  slowly  decomposes  in  the  soil.  The 
plots  which  have  received  rape-cake  for  30  years  show,  in  fact, 
a  higher  average  amount  of  total  nitrogen  in  the  soil  than  any 
other  plots  in  the  field,  with  the  exception  of  those  receiving 
farmyard-manure.  The  considerable  amount  of  nitric  acid  in 
the  plot  manured  with  rape-cake  in  Broadbalk  Field  has  been 
alresidy  noticed. 

There  is  thus,  notwithstanding  the  comparatively  washed- 
out  condition  of  the  plots  when  sampled  after  the  autumn  and 
winter  rains,  still  a  sufficiently  marked  difference  between  the 
mean  amount  of  nitrates  found  in  the  soils  of  the  different  series, 
to  be  traceable  to  their  different  conditions  of  manuring,  and 
the  varying  amounts  of  crop  and  crop-residue.  From  the  same 
cause  the  differences  among  the  plots  within  each  series  are  also 
small ;  but  there  are  indications  that  these  too  are  dependent  on 
the  varying  conditions  of  manuring  and  growth.  In  series  O, 
A,  and  AA,  the  plots  2  and  4  receiving  superphosphate,  which 
yield  the  largest  crop  and  crop-residue,  are  those  which  generally 
contain  the  largest  quantity  of  nitric  acid.  With  more  growth 
there  would  also  be  more  evaporation ;  the  soils  after  harvest 
would  therefore  be  drier,  in  some  cases  considerably  so,  and 
hence  it  would  require  so  much  more  subsequent  rain  to  cause 
the  same  amount  of  passage  of  nitrates  downwards,  and  the 
nitrates  would  accordingly  remain  in  a  greater  proportion  within 
the  range  of  the  soil-sampling. 

Among  the  plots  of  the  o  (Rape-cake)  series  a  contrary  result 
is  observed.     Hots  1  and  3,  wiUi  somewhat  less  growth,  nerer- 
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!  Ditrates  than   Plots  )t  nod  -t ;  wbtch 
I  a  greater  residue  of  manure  in  tbe 


theless  show  rather  moi 
would  seem  to  be  due  I 
former  plots. 

Tbe  plots  receiving  farm  yard- manure  give  the  largest  a 
of  nitrates.  On  Plot  T^,  where  14  tons  of  farmyard-manure  have 
been  applied  annually  for  30  years,  tbe  nitrogen  in  the  form  ii( 
nitric  acid  amounts  to  444  lbs.  per  acre  to  tbe  depth  of  H 
inches.  Of  great  interest,  too,  is  tbe  result  presented  by  Ptol  "'. 
Hera  14  tons  of  farmyard-manure  were  ap|)]ied  for  20  yesn. 
but  the  land  during  the  next  lU  years  was  unmanured,  and 
continually  cropped  with  barley.  The  effect  of  tbe  previoiu 
manuring  is  still  abundantly  sbown  in  tbe  barley-trop  (*ee 
Table  I.),  and  the  land  is  found  to  contain  37*5  lbs.  of  nitrogea 
as  nitrates,  a  quantity  larger  than  on  any  other  plot,  exceptinf 
that  still  receiving  an  annual  dressing  of  farmyard -manure. 

The  relation  between  the  quantity  of  nitrogen  as  nitratei 
found  in  27  inches  of  the  barley  soils,  and  the  total  quantity  ol 
nitrogen  present  in  the  surface-soils  of  tbe  same  plots,  is  shown 
in  Table  IX.  The  relation  of  the  nitrates  to  the  average  total 
produce  of  tbe  land  is  also  shown. 

Table  IS.— Nitkooen  as  Nitratrs  in  Hoob  Fisuj  Boilb,  March  1883^ 

for  1000  of  Soil  Nituoobn,  and  of  Avkhagb  PRODfcE. 


MAvmumi. 

Nltn)e«iuNUru«h.SnU. 

•US' 

rOrlMtAwigl 

1BS»-«1. 

IWB-L 

10 
1-4a 

1-4  AA 

1-4  0 
7' 

Uomftnnreii      

AtnuioQium-Balti,  with  and  yiUhoal  Minerald 
Nitrato  or  Sodium        „          „ 
Rape  Cako                       ,■           -               n 
F.mnjard-mflnnra 

G-7 

S-8 
8-7 
100 

9-9 

9-4 

a-5 

5S 
G-2 
7-2 

8* 

8-1 

4-a 

5-S 
67 

The  comparison  between  tbe  quantity  of  total  nitrogea  in  the 
surface-soil,  and  tbe  quantity  of  nitrates  existing  in  tbe  land,  is 
not  so  striking  as  in  the  case  of  the  wheat-field,  partly  beonM 
in  tbe  present  case  the  nitrates  were  to  a  considerable  extent 
removed  by  drainage  before  the  samples  of  soil  were  taken.  The 
results,  however,  are  in  the  same  direction  as  before.  Any  in- 
crease in  the  produce  of  tbe  land  is  attentled  with  an  increase  in 
the  amount  of  nitrates  produced  within  the  soil,  doe  theiefui* 
to  an  increased  amount  of  crop-residue.     Where  tape-cake  uc    i 
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farmjard-manure  is  applied  there  is  not  onlj  a  nitrifiable  crop- 
residue  left  in  the  land,  but  also  a  residue  of  nitrogenous 
organic  matter  from  the  manure,  which  still  further  adds  to  the 
quantity  of  nitrate  produced. 

The  relation  between  the  previous  amount  of  crop  and  the 
quantity  of  nitrate  in  the  soil  is  far  less  marked  than  in  the 
wheat-field.  This  is  partly  owing  to  the  comparatively  washed- 
out  condition  of  the  barley  land,  but  mainly  to  the  much  smaller 
residue  left  in  the  soil  by  barley  than  by  wheat.  In  the  wheat- 
field  the  percentage  of  nitrogen  and  carbon  in  the  soil  of  each 
plot  is  plainly  related  to  the  quantity  of  crop  annually  pro- 
duced. In  the  barley-field  considerable  variations  in  crop  are 
attended  with  only  small  alterations  in  the  quantity  of  nitrogen 
and  carbon  in  the  soil.  The  recent  crop-residues  being  smaller 
in  the  barley-field,  a  larger  proportion  of  the  nitrate  is  due 
to  the  old  nitrogenous  capital  of  the  soil,  or  in  some  cases  to 
residues  of  manure.  The  connection  between  the  amount  of 
crop  and  the  production  of  nitrates  is  best  seen  when  reference 
is  confined  to  the  last  two  crops  of  the  field.  The  relation 
between  the  results  of  different  plots  is  similar  to  that  shown 
in  the  wheat-field.  (Table  VII.) 

3.  Nitrates  in  Land  ffrotmng  Leguminous  Crops. 

Several  determinations  have  been  made  of  the  quantity  of 
nitrates  existing  in  soils  which  have  grown  leguminous  crops ; 
to  these  we  must  now  call  attention. 

In  Table  III.  will  be  found  determinations  of  nitrates  in  two 
soils  in  Agdell  Field  which  had  grown  beans.  On  the  fully 
manured  rotation  the  bean-crop  yielded  26^  bushels  of  com ; 
the  total  crop  contained  about  66  lbs.  of  nitrogen.  The  soil 
gave  in  the  first  18  inches  20*5  lbs.  of  nitrogen  as  nitrates; 
the  other  half  of  the  land,  which  was  in  bare  fallow,  yielding 
at  the  same  time  48*8  lbs.  On  the  rotation  manured  wi^ 
superphosphate  only,  the  produce  was  7f  bushels  of  com,  and 
the  total  crop  contained  about  26  lbs.  of  nitrogen.  The  soil 
yielded  10*6  lbs.  of  nitrogen  as  nitrates  in  18  inches,  the  cor- 
responding bare  fallow  containing  36*3  lbs.  The  bean-crops 
were  cut  on  Aug.  24,  the  soils  were  sampled  on  Sept  24-25, 
1878.  A  part  of  the  nitrates  found  in  these  soils  would  pro- 
bably be  produced  in  the  month  of  August,  when  the  rainfall 
was  very  excessive  (nearly  5  inches),  or  in  September. 

In  Table  III.  will  also  be  found  a  determination  of  nitrates  in 
the  same  field  after  a  crop  of  closer  in  1882.  The  clover  was 
grown  on  part  of  the  fully-manured  rotation  plot.  The  crop,  in 
two  cuttings,  yielded  83}  cwts.  of  hay,  estimated  to  contain 
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nearly  200  lbs.  of  nitrogen.  The  clover  land,  and  ihc  fnr- 
responding  bare  fallixv,  were  sampled  on  September  8,  before 
the  clover  land  bad  been  ploughed.  Tbe  clover  land  con- 
tained in  27  inches  196  lbs,  of  nitrogen  as  nitrates,  while  in 
the  soil  of  the  corresponding  bare  fallow  59'9  tba.  were  found. 

It  is  cle.1T  that  In  each  of  these  comparatire  detenu inatiooa 
between  beans  and  fallow,  or  clover  and  fallow,  we  must  not 
assnme  that  the  crop  bad  at  command  the  whole  quantity  of 
nitrates  found  in  the  fallow  soil,  as  the  production  of  nitratrt 
in  it  would  be  considerably  favoured  by  the  summei'  tillage, 
a  condition  which  was,  of  course,  wanting  in  the  case  of  the 
cropped  land.  Though,  however,  we  may  not  credit  the  crop 
with  having  assimilated  the  whole  difference  observed  betwurn 
the  nitrates  of  the  cropped  and  uncropped  land,  there  can  be 
no  doubt  that  in  every  case  a  considerable  quantity  of  nitrate 
has  been  taken  up  from  tbe  first  27  inches  of  soil,  the  depth  to 
which  the  sampling  was  confined.  Considerable  additiaasl 
quantities  of  nitrate  would  probably  be  obtained  from  the  \omtt 
depths  of  the  subsoil,  especially  in  the  case  of  tbe  clover  crop. 

In  Table  IV.  determinations  of  nitrates  are  given  in  two  plots 
in  Hoos  Field,  which  had  frequently  grown  leguminous  crops, 
and  which  now  faileil  to  grow  red  clover.  One  plot  had  jut* 
grown  a  small  crop  of  white  plover,  amounting  to  34  cwts.  of 
bay  per  acre  ;  the  other  had  just  produced  an  enormous  emp  <>f 
Bokhara  clover,  yielding  in  one  cutting  125^  cwts.  of  hay  per 
acre,  and  containing  about  144  lbs.  of  nitrogen.  Tbe  samplce 
of  soils  were  taken  on  July  26-31,  1882,  immediately  after  the 
removal  of  the  <7ops  ;  tbe  sampling  was  carried  to  the  depth  of 
54  inches.  The  whole  amount  of  nitrogen  as  nitric  acid  found 
in  this  depth  was  263  lbs,  per  acre  in  the  case  of  the  sbort-rootnl 
white  clover,  and  8'5  lbs.  per  acre  in  tbe  case  of  the  decp-iooiMi 
Bokhara  clover.  In  the  first  27  inches  of  depth,  tbe  whitf^ 
clover  soil  contained  13'5  lbs.,  and  the  B ok hara-c lover  soil  only 
5  lbs.  In  the  second  27  inches,  the  white-clover  soil  contained 
12'8  lbs.,  or  nearly  as  much  as  the  first,  and  the  Bokhara-clorrr 
■oil  only  3-5  lbs.  It  is  obvious  that  the  Bokhara  clover  bad 
withdrawn  nitrates  to  the  full  depth  examined,  and  it  bad 
doubtless  done  so  to  a  lower  depth  still.  We  have  here  again 
evidence  that  a  leguminous  crop,  and  especially  one  having 
a  wide  distribution  of  roots,  assimilates  the  nitrates  of  the  soil ; 
and  in  the  case  of  such  a  plant  as  the  Bokhara  clover,  a  greal 
depth  of  tbe  subsoil  is  clearly  brought  under  contribulioo. 

We  have  one  experiment  yet  to  mention.  It  is  well  known 
that  a  clover  lay  is  a  good  preparation  for  wheat ;  this  is 
doubtless  cbieSy  due  to  tbe  gradual  ttitrificstioo  of  tbe  UtKN 
genous  residue  Yeh  \w\)iu&  Vti  ^iib  c\n<i«x.     An  iUnatmiaa  ti 
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the  different  condition  of  land  in  March  after  a  wheat  and 
after  a  clover  crop,  will  be  found  in  Table  III.  (Nos.  11,  12) ; 
the  comparison  is,  however,  not  perfect,  as  the  clover  land 
had  been  ploughed  the  preceding  October,  while  the  wheat* 
stubble  was  untouched.  The  clover  land  yielded  38*9  lbs.  of 
nitrogen  as  nitrates  in  the  first  27  inches,  and  the  wheat  land 
only  14'5  lbs. 

The  evidence  relating  to  the  amount  of  nitrates  in  the 
different  soils  seems  to  point  to  the  conclusion  that,  in  the  case 
of  cereal  crops,  the  nitrates  of  the  soil  are  a  sufficient  source  of 
the  nitrogen  of  the  crops.  Can  the  same  be  said  with  regard 
to  beans  or  clover?  That  these  crops  do  assimilate  nitrates  in 
considerable  quantity  is  sufficiently  established.  A  good  crop 
of  red  clover  may,  however,  in  land  in  favourable  condition,  but 
without  the  direct  application  of  manure,  yield  from  seed  sown 
in  the  spring  of  the  previous  year,  hay  containing  200  lbs.  of 
nitrogen  per  acre,  and  also  leave  much  nitrogenous  crop-residue 
in  the  surface-soil.  Again,  the  Bokhara  clover,  grown  in  Hoos 
Field,  in  a  soil  on  which  red  clover  had  frequently  failed, 
yielded,  during  five  successive  years,  1878-82,  without  any 
application  of  nitrogenous  manure,  an  average  of  about  93  lbs. 
of  nitrogen  per  acre  per  annum.  These  quantities  much  exceed 
the  amounts  which,  according  to  our  present  knowledge,  could  be 
furnished  by  nitrates  in  the  soil.  Our  information  as  to  the 
amount  of  nitrates  available  in  the  lower  layers  of  the  subsoil 
is,  however,  as  yet  very  limited.  On  this  point  it  may  be 
stated  that  determinations  made  in  samples  collected  this  year 
(1883)  to  the  depth  of  108  inches  in  the  white-clover  soil,  have 
shown  more  than  50  lbs.  of  nitrogen  as  nitrates  per  acre  below 
45  inches  of  depth.  On  the  other  hand,  adjoining  land  in 
fallow,  which  had  been  alternately  wheat  and  fallow  without 
manure  for  about  30  years,  showed  less  than  20  lbs.  in  the 
corresponding  layers.  The  question  obviously  arises  whether 
leguminous  crops  do  not  find  in  the  soil  suited  to  their  growth 
some  other  source  of  nitrogen  than  nitrates.  The  very  large 
amount  of  nitrogen  taken  up  by  these  crops  would,  on  this 
supposition,  be  due  to  their  possession  of  a  power  of  utilising 
nitrogen  existing  in  the  soil  in  a  condition  of  combination,  as 
well  as  of  distribution,  not  available  to  cereal  crops. 

We  have  now  completed  our  account  of  the  quantity  of 
nitrates  found  at  various  depths,  and  at  various  seasons,  in 
cropped  land  subjected  to  a  great  variety  of  manuring.  Before 
concluding,  we  must  say  a  few  words  as  to  the  bearing  of  some 
of  these  results  upon  the  important  questions  raised  in  the  last 
section  of  the  previous  Report  on  Rain  and  Drainage. 
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snmmer-time  ?  Or  aie  the  nitrates  passing  below  a  certain  level 
liable  to  be  destroyed  bj  chemical  reduction,  of  which  action 
some  examples  were  given  in  the  previous  Report?  It  may 
well  be,  that  in  subsoils  of  different  character,  and  in  different 
conditions  of  saturation  with  water,  one  or  other  of  these  re- 
sults may  occur,  but  the  information  at  present  at  command 
on  the  subject  is  very  limited.  A  further  examination  of  the 
composition  of  subsoils  at  low  depths  is  now  in  progress  at 
Rothamsted. 

SUMMABT  OF  RESULTS. 

1.  The  soils  of  the  three  drain-gauges,  20,  40,  and  60  inches 
deep,  which  have  now  remained  without  manure  and  without 
crop  for  thirteen  years,  have,  during  the  last  six  years,  yielded 
nitric  acid  in  the  drainage-water  equal  to  an  average  of  40*2  lbs. 
of  nitrogen  per  acre  per  annum.  The  production  of  nitrates  is 
greatest  during  summer.  The  minimum  amount  in  the  drainage- 
water  occurs  in  spring ;  the  maximum  in  July,  or  in  the  first 
month  afterwards  in  which  considerable  drainage  occurs. 

2.  In  three  soils  at  Rothamsted,  in  fair  agricultural  condition, 
cultivated  as  bare  fallow  since  the  harvest  of  the  previous  year, 
56*5,  58*8,  and  59*9  lbs.  of  nitrogen  as  nitric  acid  per  acre  were 
found  in  September  or  October,  to  the  depth  of  27  inches.  If 
the  summer  has  been  dry,  the  nitrates  are  near  the  surface ;  after 
much  rain  they  are  at  a  lower  level.  If  the  amount  of  nitrates 
which  it  is  estimated  have  passed  by  drainage  below  27  inches 
during  the  season  of  fallow  (15  months)  is  taken  into  account, 
the  total  production  of  nitrates  corresponds  to  about  80  lbs. 
of  nitrogen  per  acre.  When  the  soil  is  in  a  poor  agricultural 
condition,  the  production  of  nitrates  during  fallow  is  much  less. 

3.  In  exhausted  land,  but  left  uncropped  four  years  (Geescroft 
Field),  only  very  small  quantities  of  nitrates  were  found  in  the 
subsoil  to  a  depth  of  6  feet.  '  The  subsoil  was,  however,  saturated 
with  water,  and  it  seems  possible  that  a  portion  of  the  nitrates 
had  been  destroyed  by  chemical  reduction. 

4.  The  results  relating  to  land  growing  cereal  crops,  receiving 
no  excess  of  nitrogenous  manure,  show  that  only  very  small 
quantities  of  nitrates  will  remain  in  the  upper  layers  of  the  soil 
through  the  summer,  the  crop  having  assimilated  the  nitrates 
formerly  present.  If  rain  follow  after  harvest,  and  especially  if 
the  land  be  ploughed,  a  considerable  formation  of  nitrates  will 
occur.  Nitrates  will  continue  present  throughout  the  winter, 
notwithstanding  loss  by  drainage,  slow  production  being  always 
in  progress.  In  late  spring  or  early  summer,  the  nitrates  will 
again  disappear  if  the  land  is  once  more  under  crop. 
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constituents,  a  mean  of  23*3  lbs.  Plots  receiving  1000  lbs.  of 
rape-cake,  with  or  without  ash-constituents,  a  mean  of  30*1  lbs. 
The  plot  receiving  14  tons  farmjard-manure,  44*1  lbs.  The 
residues  of  the  rape-cake  and  of  the  farmyuxl-manure  added 
considerably  to  the  quantity  of  nitrate  produced.  The  influence 
of  crop-residues  in  increasing  the  production  of  nitrate  is  not  so 
marked  as  in  the  wheat-field,  barley  leaving  a  smaller  residue 
in  the  soil  than  wheat. 

11.  A  comparison  of  the  quantity  of  nitrate  found  in  soils 
cropped  with  beans  or  clover,  with  that  found  in  corresponding 
land  in  bare  fallow,  showed  that  nitrates  are  assimilated  by 
leguminous  crops.  A  similar  result  appeared  when  the  com- 
parison was  made  between  a  vigorous  deeply-rooted  leguminous 
plant  (Bokhara  clover)  and  a  delicate  short-rooted  one  (white 
clover),  the  former  taking  more  nitrate  firom  the  subsoil  than 
the  latter. 

12.  The  quantity  of  nitrogen  in  luxuriant  leguminous  crops 
appears  too  great  to  be  accounted  for  by  the  quantities  of  nitric 
acid  at  present  recognised  in  soils.  We  have  however  as  yet 
very  limited  information  as  to  the  quantity  of  nitric  acid  in  the 
lower  layers  of  the  subsoil.  The  question  remains  whether 
leguminous  crops  have  the  power  of  utilising  nitrogen  existing 
in  the  soil  in  a  condition  of  combination  (as  well  as  of 
distribution),  not  available  to  cereal  crops  ? 

13.  The  results  relating  to  the  soils  in  the  Broadbalk  Wheat- 
field,  together  with  those  relating  to  the  pipe-drainage-waters, 
confirm  the  conclusion  put  forward  in  the  former  Report — 
that  the  estimates  of  loss  by  drainage  founded  on  the  amount  of 
water  passing  through  the  60-inch  soil  drain-gauge,  and  on  the 
composition  of  the  pipe-drainage  in  the  wheat-field,  are  too 
low ;  it  appearing  that  considerably  more  nitrates  pass  into  the 
subsoil  than  such  a  calculation  shows. 

14.  It  is  a  question  whether,  under  some  circumstances,  and 
especially  if  the  subsoil  is  saturated  with  water,  nitrates  which 
have  passed  into  the  lower  layers  of  the  subsoil  are  not  there 
destroyed  by  reduction ;  or  to  what  extent  the  nitrates 
which  are  not  reduced,  or  not  finally  lost  by  drainage,  return 
upwards  in  dry  weather,  or  are  available  to  plants  ot  deep- 
rooting  habit  and  vigorous  growth. 
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